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ABSTRACT
A large and important proportion of coconut area of Sri Lanka is 
owned and operated by smallholder farmers. Low productivity and 
resource use are common features of these farms and ways to improve
productivity and farm income rest largely on efficient utilization of 
existing resources, basically land and labour, since no expansion of 
the farm area is possible. Since large proportions of land are 
underutilized under coconut monoculture systems, the expansion of 
multiple enterprise farming systems in coconut associations would be a 
useful approach to improve the productive capacity of these farms.
This study aims to identify and describe existing farming 
practices on the small farms in the Matara district of Southern Sri
Lanka, and to evaluate alternative multiple enterprise farm models to 
suit the constraints of the cropping calendars and the resource base. 
Data on 270 farms were collected in 1982, and are analysed in this 
study. This is followed by whole farm planning using Linear 
Programming(Lp). The model considers the farm household as a
production-cum-consumption unit with a common resource base at their 
disposal and involving in a variety of enterprises.
Prior to development and evaluation of alternate cropping patterns 
using LP, the relevance of the Farming System Approach to the present 
study is discussed and the study area is then introduced. The present
structure of the small farms are examined and the farms are classified
based on the resource endowments and the current cropping patterns.
The survey reveals that these small farmers are involved in 
multiple enterprise farming systems with coconut as a major but not the 
sole concern. Different farm types are identified based on the 
component structures, namely: lowland, upland and homegarden. The
three component farm type were the most widespread and appear to have 
the highest potential for improvement. Wherever lowland rice is found 
as a component of these systems, the activities of the seasonal
Vcropping calendar are dominated by the rice except in the case of 
larger holdings where more systematic cultivation is carried out using 
hired labour, for market production.
Present utilization of coconut lands is limited to occasional 
instances of systematic cultivation of intercrops, such as cinnamon and 
banana, while a fair proportion of farmers practice some form of mixed 
culture where unorganised, indiscriminately planted crop combinations, 
including perennial, semi-perennial and annual crops are grown. These 
are typically cultivated on a small area surrounding the homestead 
whilst a significant proportion of the area among coconuts is grossly 
underutilized. The area planted to intercrops does not appear to vary 
as farm size increases. Thus the absolute area under intercrops remains 
the same on most farms.
The LP analyses demonstrates that the major obstacle for system 
improvement in these farms is closely related to the farm size. While 
the smaller farms suffer from the limitations of available capital 
budget for farm improvement, the larger farmers find difficulties due 
to restrictions in available labour during peak periods. The mid size 
farms too appear to suffer from capital limitation, but are better off 
than their smaller counterparts.
The optimal crop mix changes with the capital availability in the 
models and certain farm areas are not brought into the plan in the 
larger farms due to limitation in available family labour. Pepper and 
vegetables enter the plan as intercrops under low levels of capital 
availability, while banana dominates the crop mix as the capital 
restraints are relaxed.
The intertemporal LP approach appear to have useful applications 
in selecting appropriate crop mixes to suit the farm endowments. 
However, the need to evaluate a wider range of enterprises, including 
livestock management options, before farm level recommendations could
be made is highlighted. Furthermore, this study establishes the
importance of considering the whole farm unit in planning and
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1.1 Sri Lanka: Climate and Agriculture
The agriculture sector plays a dominant role in the Sri Lankan 
economy. Almost 80$ of the 15.2 million population live in rural
areas, and agriculture is their major livelihood. In recent years 
agriculture has contributed around 23$ to the GNP and provided 55-60$ 
of export earnings, while in 1981, 53$ of the total workforce was 
engaged in agricultural pursuits (Central Bank, various years). It is 
also evident that for quite some time to come this sector will continue 
to dominate the Sri Lankan economy.
The agriculture sector in Sri Lanka can be conveniently considered 
as having two sub-sectors: the export oriented plantation sector,
consisting basically of tea and rubber; and the domestic or the peasant 
sector, mainly engaged in rice and other food crop cultivation. Coconut 
cultivation, though considered to be in the plantation sector in the 
past, is composed mainly of smallholdings and currently contributes 
primarily to the domestic consumption.
Being a tropical island lying between 5°55’’ and 9°50’ ’ North 
Latitude and 790i42 ’ » and 81 °42 ’ * East Longitude, and with several 
climatic zones, °ri Lanka has the advantage of being able to grow a 
wide variety of crops throughout the year. The geographical variation 
in climate over short distances is caused by the centrally located 
mountainous region of the island, which intersects the monsoons and the 
internal wind flows.
Broadly the country is demarcated into two distinct climatic zones 
based on the seasonal variation in the intensity and the duration of 
rainfall. The two zones are the ’Wet Z *, the line
of demarcation being the 1905mm-isohyet of the mean annual rainfall 
superimposed on the 508mm-isohyet of the mean South-West monsoonal 
rainfall (Thambyapillay, 1965).
2A narrow strip of land lying between these two zones is known as 
the ’Intermediate Zone'. Each of these zones are further subdivided 
into three topographical zones: namely; Low Country, Mid Country, and 
Up Country. Based on topography and distribution of rainfall, 24 
agroecological zones have been identified in Sri Lanka(Government of 
Sri Lanka, Department of Agriculture, 1973).
In each zone, for agricultural purposes, the year is considered as 
two distinct seasons locally referred to as Yala and Maha. Yala, which 
is the low rainfall season lasts from May to September, receiving rains 
from the South-West monsoon. The major rainfall season Maha, receives 
rains from the North-East monsoon during the period November to 
February. During the intermonsoonal period convection currents and 
cyclonic depressions occur and bring rains to most parts of the island. 
While the Wet Z ^ 0 receives rains from all the above sources, the Dry 
’one areas do not benefit much from the South-West monsoon and receives 
only 890 - 1905 mm of rain per year.
31.1.1 Land Utilization
Out of the 6.31 million ha. of arable land, tea, rubber, coconut 
and rice overs 1.54 m ha. while another 3.16 m ha. are covered by 
woodlands and scrubland (Table 1.1).












Other crops 1642.0 26.0
Rice 653.2 10.9
Woodlands and
Other Reserves 3325.2 48.8
Source: Dept, of Census and Statistics, Sri Lanka.
Several cash crops, horticultural crops and subsidiary food crops 
are grown either in associations with these major crops or separately 
on a small scale. The category of ’other crops’ in Table 1.1, 
comprising 26% of the arable land, represents those crops mostly grown 
in areas where the concentration of tea, rubber and coconut are 
minimal.
1.2 Coconut and Associated Enterprises
Several features of the coconut palm and its associated 
enterprises make the coconut sector very different from the other two 
plantation crops, tea and rubber. Coconut is grown in most regions of
4the island, and the cultivated area is almost equal to the combined 
area of tea and rubber and is second only to rice. Consumption of 
coconut is such a basic part of the Sri Lankan diet that coconut palms 
are to be found in most homegardens. Unlike tea and rubber the bulk of 
the ownership of coconut land has been in the hands of the indigenous 
population, ever since the crop was cultivated in Sri Lanka. 
Presently, smallholders constitute a large and important proportion 
(9056) of the coconut cultivators in Sri Lanka. Coconut cultivation 
impinges upon the life of Sri Lankans in many other ways- supplying 
timber and thatch for construction purposes; as a beverage for the 
thirsty and the prime source of alcohol; as a material for decorative 
art; and as a support for handicrafts and similar cottage industries.
Of the estimated total production (around 2000 million nuts) of 
coconuts little more than half is consumed locally. Coconuts are an 
important constituent of the diet of Sri Lankans, and is about the only 
major source of edible oil, making a substantial contribution to the 
protein and calorie intake(22$) of the rural people(Economic Review, 
1982). It serves as a substitute for sugar, particularly when sugar 
prices soar, and hence valuable to the rural poor. It affords 
employment to over 155,000 persons in one way or another(Peoples' Bank, 
1981). Aptly has it been termed "the tree of life".
1.2.1 Intercropping in coconut lands
The major concentration of coconut is in the Western portion of 
the island and along the coastal belt, where most of the country's 
population live. Coconut also occupies regions of the country where 
fertile soil, rainfall and sunshine are plentifully available. At the 
spacing of palms that is most beneficial to coconut performance(7.8M x 
7.8m ), there is still a large proportion of the soil and sunlight that 
is unutilized. It is recognized that this presents an almost unique 
opportunity for the simultaneous ction of other useful crops in 
association with coconut. This would be an important contribution to 
national output and serve to help alleviate the problems of the rural 
poor and greatly improve the economic wellbeing of growers. It also 
has the added benefit of staggering the production of subsidiary crops 
and thus levelling out labour demand fluctuations. This potential has 
been well established in the traditional farming systems followed by
5farmers with several crops and livestock and the subsequent attempts by 
agronomists in developing several crop-and-enterprise combinations 
which are highly compatible with the coconut environment.
1.2.1.1 Techno-Economic Potential
The amenability of the coconut environment to both systematic 
intercropping and animal production has been well established 
(Santhirasegaram, 1966; Nair, 1976; Bavappa and Jacob, 1981; Liyanage, 
1982; Liyanage et.al., 1984). It’s very high potential acceptability 
is shown by the large number of growers already engaged in some form of 
mixed culture. The technical feasibility of these systems has been well 
documented in various economic investigations which show that there are 
substantial economic advantages (Government of Sri Lanka, Dept. of 
Minor Export Crops DMEC ,1981; Etherington and Karunanayake, 1982). 
The cocoa and coconut combination has had remarkable success in several 
countries(Chai Wah, 1982).
1.2.2 Crop-livestock integration
Rice is the main staple of Sri Lankans, and self sufficiency has 
almost been realised at the national level. Since increased grain 
yields are attained with new improved varieties, and the increasing 
grain yields are correlated with a declining grain protein content 
(International Rice Research Institute IRRI , 1977; Senadhira et. al. 
1980), there is a potential threat of an emerging protein gap. In most 
countries of South East Asia, 70% of the protein intake is of plant 
origin and only 3055 is derived from animal sources(Economic Review, 
1976).
Improved livestock production could overcome this problem, but the 
availability of land and other resources severely limits the prospects 
for large scale animal production systems. Thus in Sri Lanka cattle are 
mostly reared on smallholder farms and these systems provide most of 
the national milk supply. In smallholder farming systems animal 
production is usually integrated with crop production(Herath, Abeyratne 
and Bandaranayake, 1980; Ibrahim, Thilakasiri and Mathes, 1983). The 
animal provides draught power and manure for farm work and milk and 
meat for human consumption. In the traditional agricultural systems of 
Sri Lanka, crop production, animals and humans have been able to
6coexit, and the role of the farm animal in the rural farm is very 
important. However, with intensification of farming ODerations
problems are being encountered as animals compete with humans for 
scarce land and food resources.
In plantation agriculture, particularly coconut production, 
sufficient land may be available for improved pasture production and 
consequently livestock(Plucknett, 1979). Nevertheless, pasture is a
perennial with substantial capital investments for establishment, and 
if coconut land is suitable for intercropping, then the economics of 
alternate uses should be thoroughly investigated, before deciding on a 
permanent land use system.
As discussed elsewhere(Ibrahim, Thilakasiri and Mathes, 1983), in 
Sri Lanka vast amounts of crop residues are not utilized(Rajaguru, 
1983). Ruminants are able to utilize these coarse, fibrous material and 
recent research has shown that the nutritive value of these feeds can 
be improved by simple chemical treatments which could be very well 
adopted at the farm level. Further, it is reported that even at 
present rice straw is often utilized by some farmers to bridge the dry 
season stock feed gap. Possibilities therefore exist to develop 
farming systems which could have both livestock and crop components to 
mutual advantage.
1.3 Traditional Farming Systems.
The dominant land form in Sri Lanka is ridge and valley with its 
basic land elements of valley bottom, slope and ridge. While variations 
to this exists, particularly along the coast, this type of land form is 
found over nearly 90 per cent of the land surface. The alleys are very 
shallow in the dry zone and deeper in the Mid Country and deepest in 
the Up Country areas.
Traditionally the land elements of the valley bottoms were 
referred to as ’lowland’ and those of the slope and the ridge as 
’upland’ or ’highland’. Lowlands are cultivated to rice and crops 
other than rice are grown on the upland. Part of the upland, where the 
farm house is built is separated physically as a ’homegarden’. This 
together with the upland, and lowland formed the traditional three 
component farming system.
7Paddy and homegardens  ^ are the most important components in 
traditional farming systems. In the past, the forest around the village 
provided wild meat, leafy vegetables and spices such as cardomom, 
cinnamon, and pepper. As forest began to disappear through cultivation, 
people started to rear some chickens and a few cattle around the farm 
house and grow their spices in the homegarden. In fact, most people 
produce their own rice requirements in the rice fields and raise their 
own vegetables and fruits in the homegarden. Thus from these two 
components alone they are almost self sufficient in basic subsistence 
needs.
In Sri Lanka, the number of farms which consisted of only 
homegardens were estimated at 724,788 in 1973 (Herath, Abeyratne and 
Bandaranayake, 1980) and covered an area of 199,816 ha., with an
average size of 0.28 ha. Apart from these farms, there were 268,136 
homegardens as components of farms in association with other types.
1.3.1 Apparently Integrated Systems.
2At present systematic intercropping is carried out to a very 
limited extent. In some areas however, about 40$ of the farmers have at 
least one parcel^ of coconut devoted to mixed culture(Hussain, Perera 
and Karunasena, 1978), while in others almost every grower follows 
intercropping in one way or another (De Silva, van Tillburg and Lok, 
1978). Unscientifically selected and indiscriminately planted, these 
crop combinations often satisfy the individual farmers' daily needs. 
However, they are inherently less efficient in resource use and 
production, and have rightly been refered as 'forest 
gardens'(Narayansamy, 1976; Cited in Illangasinghe, 1979).
While the lowlands are basically used for growing rice, whenever 
the monsoons fail and insufficient water is available for rice, farmers 
often grow vegetables and pulses in the rice-fields. Some more 
enterprising farmers however, use the bunds which separate individual
"'..the land space around the homestead in most cases not exceeding 
.25 ha.
p
..see Etherington 1981 for a good discussion on this.
3...a holding consist of several parcels of land often located around 
the homestead at different distances.
8rice plots to plant short term crops like beans and cowpeas. These not 
only provide the farmer with some produce, but also an added benefit by 
minimising weed growth, which often act as an alternate host for most 
rice pests.
After the rice harvest, the cattle are allowed to graze freely in 
the rice fields and this provide excellent breeding and grazing grounds 
for the cattle who are normally kept tethered during the crop season. 
This helps rice farmers to keep the weed growth to a bare minimum 
during the fallow period inbetween seasons, which facilitates easy land 
preparation for the next season.
1.4 Resource Allocation.
Since rice is the staple and the most important product for Sri 
Lankan farmers, they naturally direct most of their attention and 
resources to their rice plots, and other crops are generally attended 
to whenever time permits. The labour requirement for rice being 
seasonal, farmers concentrate on the production of other food crops, 
roots and tubers, and vegetables only after the establishment of the 
rice crop. When the harvest season comes, 3-4 months after planting, 
they go back to the rice fields, while relatively less attention is 
paid to the rice crop from establishment to harvest.
The farm holding often consist of few physically separated parcels 
located at different distances from the homestead. Farmers normally 
grow tree-crops other than coconut in the distant parcels and coconut 
in close proximity. Fruits and vegetables are grown in the homegarden 
which is often the responsibility of the housewife.
1.5 Objectives of the Study
The foregoing discussion suggests that the traditional 
agricultural systems of Sri Lanka are of an integrated nature. This 
implies that developmental stratagies should have a whole farm 
perspective rather than concentrating on particular crops or 
enterprises. Most studies in the past however, have resorted to 
sectoral or partial approaches -often with limited applicability.
The present study follows a whole farm approach based on a farming 
system perspective, in order to serve the following three objectives.
9First, to identify and describe the present farming systems and 
cropping patterns in the Matara district of Sri Lanka, based on a 
sample survey. Secondly, to formulate and evaluate alternative farm 
models for the different groups of farms identified by the survey in 
order to improve productivity and resource use. Thirdly, attention will 
be paid to the coconut sub-sector, and possible farm plans will be 
developed to formulate multiple enterprise farm models in coconut 
associations.
1.6 Structure of the Thesis
This thesis is presented in six chapters. Following the general 
discussion given in this chapter, the next chapter deals first with the 
applicability of the Farming Systems approach to the problem, supported 
with a brief literature survey. Secondly an introduction to the study 
area and a description of the farm household survey is presented in the 
latter part of the Chapter two. The results of the survey will be 
discussed in Chapter three. An overview of the rationale behind 
present farmer practices and implications for future planning will be 
given as conclusion to this chapter.
Design and evaluation of the whole farm models based on Linear 
Programming technique will be covered in Chapter four and its results 
will be discussed in Chapter five. The final chapter is devoted to a 
general discussion, summary and the conclusions of the study.
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CHAPTE" 2
PLANNING MULTIPLE ENTERPRISE FARMING SYSTEMS IN COCONUT
ASSOCIATIONS
2.1 Introduction
Planning is an aid for development. Farm planning allows the 
investigation of the efficient utilization of resources and the
identification of limiting processes in achieving the targeted 
objectives. Proper planning can assist the farmer in attaining his 
goals in the most efficient manner, given those limiting processes or 
constraints.
The evaluation of alternative ways of organizing farm operations, 
especially, those associated with multiple enterprises, has not been 
studied in a systems context in Sri Lanka. These studies have mostly 
been limited to the analysis of costs of and returns to various
enterprises and enterprise combinations.
However, due to the presence of a large number of interacting
variables in a farm environment, these farms are better studied in a 
system context. Perhaps the most important contribution from system 
studies would be that they are an aid to thinking, and a method of
approach for tackling problems in their proper perspective or in a more 
practical setting. The next section of this chapter, therefore, is 
devoted to a discussion of the Farming Systems Approach and its
suitability for the problem being studied, supported by a brief
literature survey. The two subsequent sections will present a
description of the farm household survey conducted to collect base
information for the study.
2.2 The Farming Systems Approach
Ever since mankind started to domesticate plants and animals, the 
farm appear to have existed as a system or a component of a system. As 
the activities of agriculture became more sophisticated with the 
advancement of the civilization, the composition and complexity of the 
farm and farm systems have grown in magnitude. Historically in 
agricultural research these complex systems were usually studied by 
dividing the whole system into parts, each of which was studied by 
different disciplines or specialities. During that period, hardly any 
reference was made to the farm as a system, though most of the research 
has been conducted with some appreciation of the farming system context 
to which it is related ( Dillon and Anderson, 1983)*
Recently, however, agricultural researchers around the world have 
increasingly recognized the appropriateness of considering the farm as 
a system, of which farmer and natural and social environment inside and 
outside the farm are integral elements.
As defined by the Consultative Group on International Agricultural 
Research (CGIAR) (Dillon et. al., 1978), the 'Farming Systems' 
approach, refers to the holistic approach of studying the farm system 
by focussing attention on its components and their interdependencies, 
the interrelationships that exist among elements of the farm system, 
and between these elements and the farm environment.
2.2.1 Need For A Farming System Perspective
Agricultural households in developing countries involve a large 
range of production, consumption, saving and investment activities. 
These activities are conditioned by the farm families needs and 
aspirations and constrained by the complex biological, physical and 
socio-economic environment in which they operate. As Byerlee et.al., 
(1982) have noted, some of the most important elements leading to these 
complexities are:
- long growing season, especially in the tropics, which 
increases the range of potential crops and enterprises, and 
the possibilities of intensive cropping, including 
intercropping;
- unreliable input and output markets, uncertain climate and 
resultant low farm income, which increases the importance of 
risks in farmer decisions;
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-  farm h o u s e h o ld s  tend  to  consume what  t h e y  p r oduce ,  b e c a u s e  o f  
h i g h  m a r k e t i n g  m arg in s  (and a s s o c i a t e d  t r a n s a c t i o n  c o s t s )  and 
f l u c t u a t i n g  p r i c e s ;
-  f a m i l y  l a b o u r  i s  an i m p o r t a n t  f a c t o r ,  a f f e c t i n g  l a b o u r  
p r o d u c t i v i t y  and s e a s o n a l  l a b o u r  s h o r t a g e s ;
-  c o n s i d e r a b l e  h e t e r o g e n i t y  i n  t h e  r e s o u r c e s  employed,  even 
w i t h i n  a g i v e n  h o u se ho ld  ( su c h  a s  l a b o u r  and l a n d ) ;
-  wide range  o f  e n t e r p r i s e s ,  and even  a r an g e  o f  p r o d u c t i o n  
p r a c t i c e s  f o r  a g i v e n  e n t e r p r i s e ,  such  as  d i f f e r e n t  v a r i e t i e s  
o f  a c rop  and d i f f e r e n t  d a t e s  o f  p l a n t i n g  f o r  t h e  same c r o p ,  
a im in g  a t  p r o d u c t i o n  o f  p r e f e r e d  food and a b a l a n c e d  s e a s o n a l  
d i s t r i b u t i o n  o f  food s u p p l i e s .
These c o m p l e x i t i e s  h i g h l i g h t  t h r e e  p o i n t s :
1. The d i r e c t  p h y s i c a l  i n t e r a c t i o n s  be tween  p r o d u c t i o n  
a c t i v i t i e s  g e n e r a t e d  by i n t e r c r o p p i n g  and r o t a t i o n s  e t c . ;
2. C o m p e t i t i o n ,  c o m p l e m e n t a r i t y  and s u p p le m e n ta r y  r e l a t i o n s  i n  
r e s o u r c e  use  between  d i f f e r e n t  p r o d u c t i o n  a c t i v i t i e s ^  and;
3.  The m u l t i p l e  o b j e c t i v e  f u n c t i o n  o f  t h e  farm h o u s e h o ld s .
T h e r e f o r e ,  s m a l l  f a r m e r s  a r e  f r e q u e n t l y  f o r c e d  i n t o  e n t e r p r i s e  
d i v e r s i f i c a t i o n .  Because o f  t h e s e  s o c io - e c o n o m ic  and b i o - p h y s i c a l  
i n t e r a c t i o n s ,  t h e  sy s te m s  a p p ro a c h  a p p e a r s  to  o f f e r  g r e a t e r  p rom ise  
t h a n  th e  t r a d i t i o n a l  commodity a p p ro a c h  i n  a t t e m p t i n g  to  i n c r e a s e  farm 
p r o d u c t i v i t y  and the  w e l f a r e  o f  the  f a r m in g  community ( D i l l o n ,  1976; 
B y e r l e e  e t .  a l . ,  1982) .  The r e l e v a n c e  o f  t h e  Farming Sys tems  Approach 
to  s m a l l  farm deve lopm ent  i s  h i g h l i g h t e d  by i t s  f l e x i b i l i t i e s  i n  
a c co m o d a t in g  b o th  t e c h n i c a l  and n o n - t e c h n i c a l  improvements  i n  fa rm ing  
s y s t e m s ,  and i t s  complementa ry  n a t u r e  w i t h  t h e  e x i s t i n g  t r a d i t i o n a l  
r e s e a r c h  a p p ro a c h  ( G i l b e r t  e t .  a l . ,  1980) .
2 . 2 . 2  D e f i n i t i o n s  o f  Farming System Research[FSR]
D i l l o n  and Anderson(  1 9 8 3 ) ,  commented t h a t :  due to  t h e i r  i n h e r e n t  
c o m p l e x i t y ,  d e f i n i n g  a f a rm in g  sy s te m  i s  r a t h e r  d i f f i c u l t .
N e v e r t h e l e s s ,  d i f f e r e n t  s c i e n t i s t s  have a t t e m p t e d  to  a c h i e v e  a 
comprom ise .
D i l l o n  e t .  a l . ,  ( 1 9 7 8 ) ,  s u g g e s t e d  t h e  f o l l o w i n g :
1 . . . s e e  E t h e r i n g t o n ,  1981, f o r  a v a l u a b l e  d i s c u s s i o n  on t h i s  p o i n t .
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"A farming system is not simply a collection of crops and 
animals to which one can apply this input or that and expect 
immediate results. Rather it is a complicated interwoven mesh 
of soils, plants, animals, implements, workers, other inputs 
and environmental influences with the strands held and 
manipulated by a person called the farmer who, given his 
preferences and aspirations, attempts to produce output from 
the inputs and technology available to him. It is the farmer's 
unique understanding of his immediate environment, both natural 
and socio-economic, that results in his farming system".
In a very abstract form, Norman(1978) , defined a farming system
as:
"the result of a complex interaction among a number of 
independent components".
As pointed out by Welsh (1978), he neglects to include the 
household as one of those components. It is also doubtful whether all
the components of a farming system are independent.
The definition forwarded by Shaner et. al. (1982, Cited in 
Dillon and Anderson, 1983), takes not only households into
consideration, but also the socio-psychological factors. For them a 
farming system is:
"a unique and reasonably stable arrangement of farming 
enterprises that the household manages according oO well 
defined practices in response to the physical, biological, and 
socio-economic environments and in accordance with the 
household's goals, preferences, and resources. These factors 
combine to influence output and production methods. More 
commonality is found within the system than between systems.
The farming system is part of larger systems— e.g. the local 
community, and can be divided into subsystems--e.g. the 
cropping systems".
Given the above definitions, Farming Systems Research (FSR) tries to 
highlight the interdependencies and the interrelationships that exist 
among the elements of complex farm systems. (For example, Gilbert et. 
al., 1980; Byerlee et. al., 1982 and Conway, 1983.)
Taking these into consideration, the Australian Centre for 
International Agricultural Research (ACIAR), has proposed a working 
definition, focussing on the smallholder and the subsistence oriented 
farmer of the semi-arid and humid tropics. Their approach concentrates 
on three aspects: Diagnosis of the existing farming practices; problem 
identification and ranking, and solution formulation(Remenyi and
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Coxhead,  1985)« They a l s o  p r o v id e  e v id e n c e  from a round  t h e  w or ld  a s  to 
the s u c c e s s  t h a t  FSR had made i n  t h e s e  t h r e e  a r e a s .
2 .3  S r i  Lankan E x p e r i e n c e
S r i  Lanka has  a f a i r l y  w e l l  e s t a b l i s h e d  r e s e a r c h  s y s te m ,  b a s i c a l l y  
o r g a n i z e d  a round t h e  commodity l i n e s  and d i s c i p l i n a r y  d i v i s i o n s  
i n h e r i t e d  from th e  c o l o n i a l  e r a .  Each r e s e a r c h  body,  o r  even  d i f f e r e n t  
d i v i s i o n s  w i t h i n  an o r g a n i z a t i o n ,  r e s p o n s i b l e  f o r  a p a r t i c u l a r  
commodity o r  a d i s c i p l i n e  used  to  c o n d u c t  r e s e a r c h  w i t h i n  t h e i r  
' t e r r i t o r i a l  b o u n d s ' ,  o f t e n  n e g l e c t i n g  t h e  i n t e r r e l a t i o n s h i p s  and 
i n t e r d e p e n d e n c i e s  w i t h  t h e  r e s t  o f  t h e  e n v i r o n m e n t .  D i f f e r e n t  
i n t e r e s t s  b e in g  u n a v o i d a b l y  o v e r l a p p i n g ,  t h i s  has  somet imes  l e d  to  
d i s p u t e s  among d i f f e r e n t  b o d i e s .  T h i s  f r a g m a t i s m  and t h e  a t t e m p t s  to  
show i n d i v i d u a l  supermacy  has  sometim es  l e d  to  s i t u a t i o n s  where 
r e s e a r c h e r s  have o f t e n  f o r g o t t e n  t h e i r  u l t i m a t e  g o a l ,  which  was to  
s e r v e  the  f a r m e r s  who c u l t i v a t e  s e v e r a l  c r o p s  and c o m b i n a t i o n s .
2 .3 .1  Recen t  T rends  In  FSR
In r e c e n t  y e a r s ,  s e v e r a l  n a t i o n a l  r e s e a r c h  c e n t r e s  have  been  
in v o lv e d  i n  FSR, m o s t l y  a s  c o l l a b o r a t i v e  work w i th  i n t e r n a t i o n a l  
o r g a n i z a t i o n s  (Eg .  I n t e r n a t i o n a l  R ice  R e s e a rc h  I n s t i t u t e [ I R R I  ] ,  
I n t e r n a t i o n a l  I n s t i t u t e  o f  T r o p i c a l  A g r i c u l t u r e [ l I T A ] ) .  Though t h e s e  
i n t e r n a t i o n a l  c o l l a b o r a t i o n s  have r e s u l t e d  i n  some m u tua l  b e n e f i t s ,  
t h ey  have so f a r  f a i l e d  to  p r o v i d e  s u f f i c i e n t  im pe tu s  to  u n d e r t a k e  
in d ep e n d e n t  l o c a l  r e s e a r c h  a l o n g  t h e  same l i n e s .  I n  some i n s t a n c e s  the  
e f f o r t s  a r e  l i m i t e d  o n ly  to  p r e p a r a t i o n  o f  r e p o r t s  and have no t a n g i b l e  
r e s u l t s  f o r  f a r m e r s .  Moess '  c r i t i c i s m  f o r  A f r i c a n  c o u n t r i e s ,  t h a t  most  
o f  t h i s  work has  been d e s ig n e d  to  s a t i s f y  t h e  r e q u i r e m e n t s  o f  t h e  donor  
a g e n c i e s ,  o f t e n  o v e r l o o k i n g  t h e  ne e ds  o f  t h e  l o c a l  s i t u a t i o n ,  i s  no t  
e n t i r e l y  i n v a l i d  f o r  o t h e r  c o u n t r i e s ( M o e s s , 1984) .
However, t h e r e  have been a few i m p o r t a n t  c o n t r i b u t i o n s ,  such  as  
MaConnel and Dharmapala ,  (19 7 3 ) ;  I l l a n g a s i n g h e , (1979 ) ;  and H e r a th ,
Abeyra tne  and B a n d a r a n a y a k e , ( 1 9 8 1 ) .  I l l a n g a s i n g h e ,  ( 1 9 7 9 ) ,  i n
p a r t i c u l a r ,  based on v i l l a g e  l e v e l  d a t a  has  g i v e n  a u s e f u l  d e s c r i p t i o n  
of  the  Kandyan F o r e s t  Garden f a r m s ,  a t r a d i t i o n a l  f a r m in g  sys tem  
fo l low e d  by th e  Mid Coun t ry  Wet Zone f a r m e r s  o f  S r i  Lanka.  He 
i d e n t i f i e s  the  p o t e n t i a l  o f  t h e s e  t r a d i t i o n a l  sys tem s  f o r  improvement
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and highlights several research priorities. Among others, 
investigations leading to the understanding of the farm environment, 
enterprises, and the socio-cultural and political environment received 
priority.
2.3.2 Attempts to Design Coconut Based Farming Systems
From time immemorial, the coconut palm has been an integral 
component of local farming systems. Amenability of the coconut 
environment to enterprise diversification and the multiple uses of the 
coconut palm have encouraged this situation. Potential for development 
of coconut based farming systems was identified as early as the 1960s, 
where research on intercropping and livestock management in 
associations with coconut have been attempted (Santhirasegaram, 1966).
Though several useful studies have been followed through,
2particularly by the Agronomy Division of the Coconut Research 
Institute of Sri Lanka CRI (CRI, Annual Reports, various years), most 
of them lack a Farming ystem Perspective. Nevertheless, they have 
contributed to establish agronomic feasibilities, and the demonstration 
effect of the research plots have encouraged at least the planners and 
policy makers, if not the local farmers.
Some recent studies have, however, attempted to model different 
cropping patterns, taking into consideration the farmers’ socio­
economic background and the available technical options(Etherington and 
Karunanayake, 1981; Ministry of Finance and 'anning, 1981; 
Karunanayake, 1982), while others have considered only the technical 
aspect, with the socio-economic environment being totally ignored(DMEC, 
1981).
Even the useful work of Etherington and Karunanayake(1981) and 
Karunanayake(1982) failed to incorporate the farmers’ commitments to 
other crops and enterprises in an explicit manner. The research in this 
disseration follows a similar approach to ACIAR, as given in Remenyi 
and Coxhead(1985), but with emphasis on diagnosis and solution 
formulation to suit the farmers’ environment.
The remainder of this Chapter includes an introduction to a farm
Formerly,2 the Agrostology and Intercropping divisions.
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household survey which was conducted to collect information for the 
first step in diagnosis of existing farming practices, and to describe 
the principle components of farming systems, in order to improve our 
understanding of the rationale behind farm practices. This information 
will then be presented in Chapter 3, and based on this, the design and 
evaluation of alternate farming systems and cropping patterns will be 
attempted in Chapter four.
2.4 Study Area
The administrative district of Matara in the Southern Province of 
Sri Lanka was selected for the study. The selection was favoured by the 
availability of the ancillary data for planning the survey, the 
agronomic potential of the district, and partial funding provided by 
the District Integrated Rural Development Project(IRDP).
The district covers an area of 1,247 square km, bounded by the 
Indian Ocean in the Southern part and connected to Galle and Hambantota 
districts by land. While the major occupation of the district 
population is agriculture a significant proportion of the population 
around the coast gain their living by fishing and associated 
activities.
Coconut cultivation in the district is exclusively carried out by 
smallholders(98^) and the district is characterized by 55% of the 
coconut area being interplanted with other crops. This is the highest 
recorded proportion for any district. The national average for coconut 
lands is only 20.7/&(Dept. of Census and Statistics, 1981). This, 
together with the presence of a relatively large number of livestock 
and the cultivation of all other major crops make it an ideal area for 
the study.
2.4.1 Agro-Climate and Topography
The district receives an average annual rainfall of 1,913 mm with 
a bimodal distribution, and thus lies in the Wet Zone of Sri Lanka. 
However, a small area on the Eastern boarder (less than 5% of the 
district), receiving around 1,524 mm of rainfall per year with a 
relatively dry spell, is considered to be in the Intermediate Zone. For 
the purposes of the study however, the whole area is considered to be 
in the Wet Zone.
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While the annual variation in mean monthly temperature is very 
narrow, relatively large locational variations in temperature over the 
district is brought about by variations in topography. From the coast, 
the temperature declines by around 4-5 C° towards the Northern hilly 
region.
Thus, the district can be divided into three topographical zones, 
namely: Low, Mid and Up Country areas. Only a small proportion of the 
area is Up Country(around 5%), hence only the Low and Mid Country areas 
are considered in the present Study .
From the coastal area, where the land is rather flat or 
undulating, it passes through a rolling and undulating region into a 
steepy dissected hilly region, extending towards the mountianeous 
region of the district. The soils in the low lying areas and the valley 
bottoms are typically Alluvial or Bog soils where lowland rice is 
cultivated. In the highlands, where all the dry land crops are grown, 
the soils are generally Red Yellow Podzolics with some Lateritic 
patches.
2.4.2 Agriculture and Land Use
As mentioned in the previous section, the region is characterized 
by most of the agricultural practices typical to Low Country Wet Zone 
of Sri Lanka. Of the total area of 0.12 m ha, 0.09 m ha are under 
permanent and semi-permanent agriculture, while the balance is mainly 
under natural forests and areas unsuitable for agriculture due to poor 
drainage. The principle land use pattern in the district is given below 
in Table 2.1.
As can be seen in Table 2.1, the proportion of smallholders in the 
cultivation of all the crops in the district is much larger than the 
national average, except, marginally, for rice. These data highlight 
the need to emphasize the smallholder sector of the district in 
development planning.
^The Up Country area being exclusively cultivated to Estate Tea, and 
not included in the smallholder sector, hence this assumption is quite 
reasonable.
18
Table  2 - 1 :  P r i n c i p l e  Land Use i n  M a ta ra  D i s t r i c t  i n  1981.
Crop E x t e n t  
( h a . )
% Owned By S m a l l h o l d e r s  
M a ta ra  S r i  Lanka
Coconut 16,346 98.1 90 .9
Tea 18,255 4 7 .5 9-3
Rubber 9 ,688 62 .6 50.3
Rice 19,685 9 7 . 8 9 8 .9
Source :  Dept ,  o f  Census and S t a t i s t i c s ,  1981.
2 . 4 . 3  P o p u l a t i o n
The d i s t r i c t  had an e s t i m a t e d  p o p u l a t i o n  o f  643,947  o f  which 89$ 
were i n  r u r a l  a r e a s .  The p o p u l a t i o n  d e n s i t y  f o r  the  r e g i o n  was 517 pe r  
sq .  km, compared to  230 p e r  sq .  km f o r  t h e  c o u n t r y  as  a whole.  The 
p e r c e n t a g e  p r o d u c t i v e  p o p u l a t i o n ^  i n  t h e  d i s t r i c t  b e in g  on ly  5 5 . 1 ,  the  
d i s t r i c t  a p p e a r s  to  have a f a i r l y  h i g h  dependency  r a t i o ( D e p t .  o f  Census 
and S t a t i s t i c s ,  1981) .
2 . 4 . 4  I n f r a s t r u c t u r e
The d i s t r i c t  h a s  a w e l l  c o n n e c t e d  road n e tw o rk ,  which e x t e n d s  from 
t h e  d i s t r i c t  c a p i t a l  M a ta ra .  M ata ra  i n  t u r n  i s  w e l l  con n e c t e d  by road 
and r a i l  to  t h e  n a t i o n a l  c a p i t a l  Colombo and o t h e r  c i t i e s .  I t  i s  a l s o  
i n  c l o s e  p r o x i m i t y  to  s e a  t r a n s p o r t  v i a  G a l l e  h a r b o u r ,  o n ly  45 km away. 
A m a jo r  i n f r a s t r u c t u r a l  deve lo pm en t  programme i s  underway as  p a r t  o f  
t h e  IRDP, which w i l l  improve most  o f  t h e  e x i s t i n g  i n f r a s t r u c t u r e  and 
de ve lop  new e l e m e n t s .  The d i s t r i c t  p o s s e s e s  a r e a s o n a b l y  good m a r k e t i n g  
s t r u c t u r e  f o r  b o t h  i n p u t s  and o u t p u t s ,  o p e r a t e d  by bo th  S t a t e  and the  
p r i v a t e  s e c t o r s .
4The p o r t i o n  o f  p o p u l a t i o n  be tw een  the age g roup  o f  15-65 y r s .
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2.5 The Survey
The objective of the survey was to gain an understanding of the 
existing fanning systems followed by the coconut smallholders of the 
area, their socio-economic background, and to discover the degree of 
flexibility and opportunities for modifying the present farming 
systems, in order to encourage maximum resource use in the coconut 
subsystem in particular. As indicated earlier, this study received 
assistance from the IRDP of the district, and was conducted together 
with another study which is reported elsewhere(lbrahim, Thilakasiri and 
Mathes, 1985)-
2.5*1 Methodology and Sampling Design
Though the ultimate aim was to select smallholders who cultivate 
coconut, no reliable frame was found to locate them. However, the 
Highland Crop Register maintained by the Dept, of Agrarian Services, 
contained a satisfactory list of farmers who own at least one parcel of 
highland. Also it was evident from Census figures that, more than 80$ 
of the smallholders had coconut as a highland crop. The list however, 
was only available by a particular territory covered by a village level 
official, known as the Cultivation 0fficer[C0].
Since the population units were geographically spread and there 
was no list of them, Multistage Sampling was considered the appropriate 
sampling technique(Cochran, 1977).
Sampling was carried out in three stages, with an area covered by 
an Agricultural Services Centre[ASC] as the Primary Sampling Unit[PSU]. 
While a CO range was the Secondary Sampling Unit[ssu] considerd, all 
selected farmers in a selected SSU were the ultimate cluster. A 
schematic diagram of the sampling scheme followed is given in Figure 
2.1, below.
Selection in the first two stages was based on Simple Random 
Sampling Without Replacement[SRSWORj, where all the elements in the 
population had equal chance of being selected. Selection in the final 
stage, however, was based on Systematic Sampling, since the list was an 
ordered one and for planning convenience (Cochran, 1977).
The problems of compiling lists and travel between the selected 
population units were minimised due to the selection criteria used, and 
the money saved was used to obtain a larger sample. The survey was
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Figure 2-1: Schematic Diagram of the Sampling Scheme
*___ ______ *_____*__________ *___ (*)____*_________ *_____(*)--
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confined to 8 ASC regions covering 285 respondents in all. The 
distribution of the sample in the district is shown in Figure 2.2.
2.5*2 The Survey Schedule and Enumeration
The initial planning of the survey was made during the latter part 
of 1981, and the enumeration was conducted in early 1982. Enumerations 
were aided by a prestructured questionnaire with both open ended and 
close ended questions where appropriate. Single visit interviews were 
conducted at the farmers' residences and attempts were made to 
interview the heads of the households, in their absence, the most 
senior member of the household was interviewed. In cases of total 
absence, the farmer on the adjoining land was interviewed in order to 
ensure a reasonable coverage. Interviews were conducted by the 
researcher and field officers from CRI and IRDP, all of whom had 
previous experience in similar work. However, a brief training was 
given to all enumerators before the commencement of the field work.
The principle categories of information collected in the survey 
related to data on the holding size and the cultivators' status, land 
utilization, crops and crop practices, and the numbers of livestock and 
their management practices - with special reference to utilization of 
coconut lands.
Figure 2-2: Distribution of the Survey Sample in the District
matara district
Samoted areag
E l id o r a i A jim danes
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This Chapter commenced by reviewing the concept of Farming Systems 
Research to justify the 'whole farm' approach to this study. The study 
area was then introduced and the sampling method explained. The next 
Chapter analyses the survey data.
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CHAPTER 3
CHARACTERISTICS OF PRESENT FARMING SYSTEMS 
:SURVEY FINDINGS
3*1 Introduction
Any considerations of developing optimum farm plans for an 
agricultural system must be preceded by an analysis of the nature of 
the system being studied. Such an analysis will help one to understand 
the principal characteristics of the systems, and the potential and 
constraints for system improvement and development. These also provide 
indications as to the future system performance, both financially and 
biologically.
All agricultural systems are time dependent, and dynamic in the 
sense that they are in a constant state of change and evolution. Thus 
studying a system in various stages of its development will provide 
valuable information helpful for possible system improvement and 
development, to better suit the social needs.
This chapter discusses the results of a farm household survey
conducted in 1982, in the Matara district of Sri Lanka. Wherever
relevant, information from other sources will be brought in to
strengthen the discussion. The survey covered only the smallholder 
sector farms, which had less than the legal maximum area of 20.23 ha(50 
acres). A land ceiling exist at this level, and farms larger than 
these are considered as estates, and are owned by the state, private 
companies and groups of individuals.
The survey was conducted in eight selected villages of the 
district, and altogether 285 questionnaires were completed. After 
editing for errors and omissions a final sample of 270 farmers was 
available for analysis. The distribution of this sample in the 8 
selected villages is given in Appendix 2.
The data were processed on a Univac 1100 series computer, using 
the Statistical Package for Social Sciences(SPSS,1983). In accordance
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with the already stated objectives of the study, the sample was 
considered as two subsamples comprising farmers with and without 
coconut. For some general analyses however, the entire sample was 
considered and the results are presented accordingly.
Except where otherwise stated the following analysis refers to the 
entire sample and reference will be made to the subsamples wherever 
relevant.
3»2 The Respondent and his Background
Some general background characteristics of the respondents were 
analysed as a general foundation for the analysis. Distribution of the 
respondents by age and sex is given in Table 3*1•





No. % No. %
Below 60 yrs. 130 54.2 16 6.7
60 yrs. and over 75 31.2 19 7.9
Total 205 85.4 35 14.6
As seen from Table 3*1 most of them were male and below 60 years 
of age. The proportion of females 60 years and older was much larger 
than the males.
3.2.1 Educational Attainment of the Respondents
The adult literacy rate in Sri Lanka is quite high. As seen in 
Table 3*2, the sample had a literacy rate of 88.4^, whereas, the 
national figure for the year 1981 was 86.5$ ( Dept, of Census and 
Statistics, 1984)*
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3*2.2 Involment in Agriculture and the Main Source of Income
Respondents involved in agriculture were evaluated by inquiring 
about their allocation of time between agricultural and non- 
agricultural activities. Information on their main source of income 
was also recorded. A cross tabulation of the above two variables 
revealed that, 81$ of them derived their income mainly from 
agriculture, though, only 77$ actually spent more time on agricultural 
work. While 98$ of whose main involvement was agriculture derived 
their main income from agriculture, only 75$ of those who were engaged 
primarily on non-agricultural pursuits derived their main income from 
that source. This highlights the importance of agriculture as a main 
source of income for both full-time and part-time farmers.
3*3 The Farm Household
Some information on the farm household was also collected, in 
order to evaluate the farm labour availability and potential labour 
use.
3.3*1 The Farm Family
The survey indicated that (Table 3*3), the area has a male 
dominant population comprising 56.7$ of males, compared to 51.01$ for 
Sri Lanka as a whole(Dept. of Census and Statistics, 1984). It is 
interesting to note that a large proportion (69$) of the district
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Table  3 - 3 :  Age and Sex S t r u c t u r e  o f  the  Farm P o p u l a t i o n
Sex
Age
C a tego ry $ Male $ Female
Below 15 y r s . 1 2 .6 9.1
1 5 - 6 0  y r s . 38 .9 29 .9
60 y r s .  and
Over 5 .2 4-3
T o t a l 56 .7 43-3
p o p u l a t i o n  was i n  t h e  age group o f  15-60 y e a r s .  Not o n l y  was the  
p r o p o r t i o n  o f  p o p u l a t i o n  below 15 y e a r s  low,  b u t  i n  most  f a m i l i e s  
c h i l d r e n  o f  t h i s  age group  were a b s e n t .  While  59$ o f  t h e  f a m i l i e s  d id  
no t  r e p o r t  any male  c h i l d r e n  below 15 y e a r s  o f  a g e ,  70$ a l s o  r e p o r t e d  
no fem a les  i n  t h a t  c a t e g o r y .  Th i s  i s  an i n d i c a t i o n  o f  t h e  male 
dominance,  even i n  t h e  lower  age g r oups  o f  t h e  p o p u l a t i o n  s t r u c t u r e ,  
and a l s o  the  d e c l i n i n g  growth  r a t e  o f  t h e  S r i  Lankan p o p u l a t i o n .
3.3*2  Farm Family  and Labour  A v a i l a b i l i t y
As i n d i c a t e d  e a r l i e r ,  t h e  d i s t r i c t  farm p o p u l a t i o n  c o n s i s t e d  
l a r g e l y ( 6 9 $ )  o f  t h o s e  be tween  15 and 60 y e a r s  o f  age .  Th i s  i n d i c a t e s  a 
h ig h  p o t e n t i a l  l a b o u r  a v a i l a b i l i t y  i n  t h e  s h o r t  run .  In  t h e  lo n g  run  
however,  t h i s  w i l l  be a f u n c t i o n  o f  t h e  f a m i l y  s i z e  and t h e i r  
i n v o lve m e n t  in  t h e  non - fa rm  a c t i v i t i e s .  The f a m i l y  s i z e  ranged  from one 
to  14, w i th  bo th  Mean and Mode a ro und  s i x .  There was a s l i g h t  
v a r i a t i o n  i n  the Mean f a m i ly  s i z e  among t h e  s u rve ye d  v i l l a g e s ,  w i th  the  
lowes t  4*7 and t h e  h i g h e s t  6 . 4 2 .
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3 * 3 .2 .1  Fam ily  Labour  P o t e n t i a l
The two i m p o r t a n t  d e t e r m i n a n t s  o f  Fam ily  Labour  P o t e n t i a l ( F L P ) , 
a r e  the  a v a i l a b i l i t y  o f  o f f  farm employment ,  and the  age and sex  
c o m p o s i t i o n  o f  t h e  farm f a m i l y .  One a d u l t  male u n i t  i s  t h e  commonly 
used u n i t  o f  measurement  o f  FLP; s i n c e  a f a m i l y  c om pr i se  o f  b o th  male 
and female  members,  i n c l u d i n g  c h i l d r e n ,  and th e  e l d e r l y ,  a l l  t h e s e  
components need to  be c o n v e r t e d  to  a d u l t  male  e q u i v a l e n t s  b e f o r e  b e in g  
added t o g e t h e r .  Though s e v e r a l  d i f f e r e n t  c o n v e r s i o n  methods have been 
adop ted by v a r i o u s  a u t h o r s ,  f o r  e a se  o f  co m p a r i s o n ,  a v a r i a n t  o f  t h e  
method fo l lo w e d  by K a r u n a n ay a k e ( 1 9 8 2 ) ,  a f t e r  Ranatunga  and
Abeysekara(  1977)  and Gunawardena( 1980) ,  was used i n  t h i s  s t u d y .  The
above a u t h o r s  w e igh te d  fem ale  and c h i l d  l a b o u r  on t h e  b a s i s  o f  r a t i o  o f  
the  mean wages t o  t h a t  o f  a d u l t  m a l e s ,  o f  0 . 8  and 0 . 5  r e s p e c t i v e l y .  
They d id  n o t ,  however ,  c o n s i d e r  t h e  d i f f e r e n c e  i n  the  o u t p u t  between 
e l d e r l y ( o v e r  60 y e a r s  o f  age)  and a d u l t ( 15-60 y e a r s  o ld )  w o rk e rs .
The v a r i a t i o n  a dop te d  i n  t h i s  s t u d y  was to  weigh th e  t h r e e  age 
c a t e g o r i e s  and the  two s e x e s ,  a c c o r d i n g  to  t h e i r  r e l a t i v e  o u t p u t ,  i n
o r d e r  to  a r r i v e  a t  more m e a n i n g fu l  e s t i m a t e s .  While the  same 
c o n v e r s i o n  r a t e  a s  K a runa naya ke (1982)  were used f o r  c h i l d  and fem ale  
l a b o u r ,  an e l d e r l y  male  was g i v e n  a w e ig h t  o f  0 . 8 ,  and an e l d e r l y
female 0 . 6 .  F u r t h e r ,  o n ly  50$ o f  t h e  a v a i l a b l e  c h i l d  l a b o u r  e q u i v a l a n t s
were c o n s i d e r e d  as  p o t e n t i a l l y  a v a i l a b l e  f o r  farm work. Th is  was f o r  
the  r e a s o n  t h a t ,  r o u g h ly  more t h a n  90$ o f  t h e  c h i l d r e n  aged below 15 
y e a r s  a t t e n d  s c h o o l s  i n  S r i  Lanka,  and i f  a t  a l l ,  o n ly  h a l f  o f  t h e i r  
t ime would be a v a i l a b l e  f o r  farm work.  The a d u l t  male and f em ale
components were f u r t h e r  a d j u s t e d  by d e d u c t i n g  10$ to  r e f l e c t  employment 
i n  non- fa rm  a c t v i t i e s ^
Thus ;
PFL=(M-M1+ (F -F 1) x0 . 8 )  + (EMxO. 8+EFxO.6 )  + (CxO.25)
w h e r e ;
The Consumer F in a n ce  Su rvey  o f  1974 ( C e n t r a l  Bank, 1974) r e p o r t e d  
t h a t  t h o s e  working  o u t s i d e  t h e  farm c o n s t i t u t e d  n i n e  p e r  c e n t  o f  t h e  
t o t a l  working p o p u l a t i o n ;  t h e  p r e s e n t  f i g u r e  o f  10$ t a k e s  i n t o  a c c o u n t  
the  i n c r e a s e d  o f f - f a r m  employment  o p p o r t u n i t i e s  g e n e r a t e d  i n  t h e  r e c e n t  




M-j =Adult Male Labour Engaged in Non-Farm Work,
F=Adult Female Labour,
F.j =Adult Female Labour Engaged in Non-Farm work, 
EM=Elderly Male,
EF=Elderly Female,
C=Children Below 15 years of age.
The average PFL for the sample was 5*91, with a standard deviation 
of 1.88, and a range from 0.60 to 10.54. The corresponding estimate 
following Karunanayake(1982)'s approach was 4.56. The difference
between the two figures show the extent of possible over estimation of 
the potential family labour availability.
3.3-5 Labour Use in Agricultural Work
Farmers tend to use family labour whenever available, and when a 
particular job needs more labour than they have available, they hire it 
in from outside. The survey did not attempt to collect information on 
use of family and hired labour by each enterprise or practice. The 
extent of family labour use, however, was studied by inquiring of the 
farmers the extent of the above two labour sources they used on the 
farm. The results are summarised in Table 3-4.
Table 3-4 indicates that 24$ of the farms did not use family
labour for farm work. They were entirely dependent on hired latour. 
Whereas, 63$ of the farms did more than half of the farm work using
family labour, and 36$ used only family labour for their farm work. At 
this stage it was realised that those who do not use family labour may 
have different characteristics that may be important in subsequent 
modelling exercises. Thus, these farmers were considered as a separate 
strata in certain analyses. These results will be presented as a
separate section, later in this Chapter.
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Table 3-4: Extent of Utilization of Family Labour
Proportion of Farm Percentage





3.4 The Physical Structure of farms
A proper understanding of the physical structure of farms would be 
important for a study of cropping or farming systems. As stated in 
Chapter one, based on the landscape in which the farms are located 
different components of farms can be identified(Herath et.al., 1980). A 
schematic representation of the land form and the catenal sequence of 
these components are given in Figure 3*1* The three basic components of 
the physical structure considered were; the Lowland, homegarden, and 
the highland.^ Eight physical types were indentifiable. Those
consisted of: one type of three component farms, four types of two 
component farms, and three types of single component farms. 
Distribution of these physical types in the two sub-samples are given 
in Tables 3*6 and 3*7.
It will be seen from these Tables that the two and three component 
systems were followed by 90$ of the farms. The most widely adopted 
farming system was the three component type. This alone covered an area 
of 254 ha, 55$ of the area of the sampled holdings. The physically 
largest type, however, was the two component system, with lowland and 
upland elements in the coconut sub-sample. As viewed by Herath
pSince this component is not necessarily located at higher 
elevations, as may be implied by 'highland', the term 'upland' will be 
used instead.
Figure 3-1: Principal Land Forms of Sri Lanka
and the Catenal Sequence of 
Different Components of Farms
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A. Three Component 
i. Lowland, Upland
& Homegarden 124 51 .7 2.07
Sub total A 124 51.7 2.07
B. Two Component
i. Lowland & Upland 33 13.7 3-58
ii. Lowland & Homegarden 36 15.0 .76
iii. Upland & homegarden 29 12.1 .94
Sub total B 98 40.8 1 .79
C. Single Component
i. Upland 5 2.1 .86
ii. Homegarden 13 5.4 0.30
Sub total C 18 7.5 0.45
All Farms 240 100.0 1 .82
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Table 3-6: Different Farming Systems Followed by the Farms
Without Coconut
Physical No. of Percent of Average
Type Farms Total Size(Ha)
A. Three Component
i. Lowland, Upland
& Homegarden 1 3.3 1.62
Sub total A 1 3.3 1.62
B. Two Component
i. Lowland & Upland 9 30.0 1.55
ii. Lowland & Homegarden 11 36.7 0.73
Sub total B 20 66.7 1.10
C. Single Component
i. Homegarden 4 13.3 0.28
ii. Upland 4 13.3 0.94
iii. Lowland 1 3-3 0.40
Sub total C 9 30.0 0.59
All Farms 30 100.0 0.96
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e t . a l . (1 980) , t h i s  type  was l i k e l y  to  r e p r e s e n t  a farm type  fo l low ed  by 
the w e l l  to  do, where t h e  f a m i l i e s  i n i t i a l l y  l i v e d  o u t s i d e  t h e  v i l l a g e  
and moved i n  l a t e r .  Th i s  v iew,  however ,  was un a b le  to  be conf i rmed  from 
a c r o s s  t a b u l a t i o n  o f  farm t y p e s  w i t h  s e v e r a l  o t h e r  v a r i a b l e s  r e l a t e d  
to  the  l a n d h o l d e r s '  s t a t u s .
3 .4 .1  D i s t r i b u t i o n  o f  t h e  Farm Types W i th in  t h e  S e l e c t e d  V i l l a g e s
The d i s t r i b u t i o n  o f  t h e s e  farm t y p e s  be tween  and w i t h i n  the  
s e l e c t e d  v i l l a g e s  were t a b u l a t e d  to  examine any d i f f e r e n c e s  w i t h i n  the  
d i s t r i c t .  No s i n g l e  v i l l a g e  r e c o r d e d  a l l  t h e  farm ty p e s  found i n  the  
d i s t r i c t .  F ive  v i l l a g e s  had a l l  t h e  t h r e e  b a s i c  t y p e s  o f  f a rm s ,  whi le  
the o t h e r  t h r e e  d id  n o t  have any s i n g l e  component  f a rm s .  The a v e ra g e  
s i z e  o f  the  fa rms  o f  d i f f e r e n t  t y p e s  v a r i e d  among d i f f e r e n t  v i l l a g e s ,  
wi th  the  t h r e e  component farm type  b e i n g ,  g e n e r a l l y ,  t h e  l a r g e s t .  The 
two component farm t y p e ,  w i t h  paddy and up land  w i t h  c o c o n u t ,  was the  
l a r g e s t  i n  a r e a  among t h e  two component  f a rm s ,  and sometimes  exceeded  
bo th  t h e  a r e a  and t h e  number o f  t h e  t h r e e  component  f a rm s .  These were 
found m a in ly  tow a rds  t h e  c o a s t ,  i n  t h e  a r e a  c l a s s e d  as  Low Coun t ry .  As 
i n d i c a t e d  e a r l i e r ,  t h e  l a n d  form o r  l a n d s c a p e  was t h e  p r im ary  
d e t e r m i n a n t  o f  t h e  fa rms  p h y s i c a l  s t r u c t u r e .  The s l i g h t l y  u n d u l a t i n g  
land form o f  t h e  Low Count ry  c o a s t a l  a r e a s  f a v o u r e d  the  two component 
s t r u c t u r e  w h i l e ,  t h e  t h r e e  component  t y p e s  were most  a bunda n t  i n  o t h e r  
a r e a s .  The o t h e r  d e t e r m i n a n t s  o f  farm s t r u c t u r e ,  t h e  soc io -e co n o m ic  
and p o l i t i c a l  f o r c e s ,  such  a s  p o p u l a t i o n  p r e s s u r e  and p r o x i m i t y  to  the  
u rban  c e n t e r s ,  were l i k e l y  to  f a v o u r  f r a g m e n t a t i o n .
3 - 4 . 2  S i z e  D i s t r i b u t i o n  o f  t h e  Farms
The s i z e  o f  t h e  o p e r a t i o n a l  u n i t  i s  an i m p o r t a n t  d e t e r m i n a n t  o f  
the  fa rming  sys tem one can a d o p t .  The h o l d i n g s  o r  farms c o n s i s t e d  o f  
p h y s i c a l l y  s e p a r a t e d  o r  c onne c te d  u n i t s  o r  components .  The a r e a  o f
th e s e  h o l d i n g s  ranged  from 0.1 to  13 .6  ha .  However,  t h e  a v e r a g e  s i z e  o f  
the  h o l d i n g s  i n  t h e  coc onu t  sub -s a m p le  were l a r g e r ( 1 . 82ha)  t han  the  
o v e r a l l  a v e ra g e  (1 .7 3 h a )  f o r  the  sample .  T h i s  was due to  t h e  v e ry  
s m a l l  n a t u r e  o f  t h e  farms where c o c o n u t s  were no t  grown. These farms 
c o n s i s t e d  o f  11$ o f  t h e  t o t a l  sample and ranged  between  0.1 and 2 .7 3  ha 
wi th  a Mean o f  0 . 4  h a .
A l l  farms were g rouped  unde r  f i v e  s i z e  c l a s s e s  and t h e  r e s u l t a n t
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size-class distribution for the two sub-samples is set out in Table
3-7.
Table 3-7: Size-Class Distribution of Holdings
Coconut Non-coconut
Sub-sample Sub-sample
Farms Average Farms Average
Size Size
(No.) (*) (Ha) (No.) (*) (Ha)
0 - 0.49 35 14.8 0.31 7 23-3 0.34
0.50 - 1 .49 114 48.1 0.93 19 63-3 0.91
1.50- 3-49 62 26.1 2.18 4 13.4 2.26
3.50 - 9.49 20 8.5 ‘ 5-07 0 0.0 -
9.50 - 20.0 6 2.5 13.05 0 0.0 -
ALL 237 100.0 1 .82 30 100.0 0.96
Size-Class
(ha)
The analysis so far suggests that the farms with coconut are much 
larger than the farms with no coconut. However, the size class 
distribution shows that, in a given size class these farms are no 
smaller than their counterparts in the coconut sub-sample. The smaller 
farm size for the sub-sample as a whole is due to the absence of the 
larger size farms among the non-coconut farms.
It is interesting to see why these farmers do not grow any
coconut, despite coconut being such an important basic food item. 
Incidentally, one third of the farms not reporting coconut came from
the Mid Country region, where coconut competes with tea for land, due 
to the climate being less favourable for coconut cultivation. This
seems to suggest that, having a small farm these farmers try to 
maximise their returns by cultivating a more remunerative crop in place 
of the more important food crop, which is, in fact, available at a
relatively low price. This can be verified by examining the composition 
of crops in these farms, and will be discussed later in this chapter.
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3.4.2.1 The Size Distribution of the Physical Types of Farms
It is also important to examine the size distribution of the 
principal types of farms identified earlier. A cross tabulation of the 
holding size and the physical type of farms gave the following 
results(Table 3«8).
Table 3-8: Size Distribution of the Physical Types of Farms
Physical Type of Farm
Size Class ------------------------------------------
of Holding 3 Component 2 Component 1 Component
(Ha) (No. ) CO (No.) CO (No.) CO
0 - 0.49 6 4-9 18 15.4 18 66.7
0.50 - 1 .49 63 51 .2 61 52.1 9 33.3
1.50- 3.49 40 32.5 26 22.3 0 -
3.50 - 9.49 10 8.1 10 8.6 0 -
9.50 - 20.00 4 3.3 2 1.7 0 -
ALL 123 100.0 117 100.0 27 100.0
The analysis confirms the fact that the principal determinants
physical type is the size of the holding. As seen in Table 3*8,
the farm size increases the proportion of farms falling into the three 
component types increases, while that of the single components
diminishes to zero. The fact that, even some(l4^ with holdings smaller 
than 0.5 ha) farmers with very small holdings are trying to preserve 
the traditional three component structure is remarkable.
The foregoing analysis seems to suggest that the two and single 
component farms may have been derived from the traditional three 
component farms, through fragmentation or the well to do farmers 
selling off one component in preference to another. This may be due to 
the system of land inheritance practiced in Sri Lanka. Since most 
parents do not possess similar areas of land in each component type, 
when children inherit these lands all members cannot be given land of
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the same type. Instead, one party gets lowland while other gets the 
upland. The homegarden, along with the old house, is usually given to 
the youngest in the family. This favours a breakdown of the three 
component structure to form two and single component farms. These land 
inheritance customs have not only favoured fragmentation into these 
smaller component types, but also subdivision of each of these 
components into separate units or parcels, thus increasing the 
physically separated units of a farm even more.
These have both technical and management disadvantages, and 
serious socio-economic implications, and these factors need to be 
carefully examined. Unfortunately, data on the number of parcels was 
not gathered during the enumeration, and thus the present analysis 
cannot be extended to parcel level.
3*5 Types of Crops and Cropping Intensity
The most widespread crops in the area were lowland rice and
coconuts, followed by tea, rubber, and cinnamon in declining order of 
importance. Coconut was the principal crop in terms of area in 89$ of 
the farms. The total area of farms surveyed was 461 ha, and 398 ha or 
86$ of the farm area were under cultivation. The composition of this 
398 ha is given in Table 3*9*
It was evident that the number of crops carried by the smaller
holdings were roughly the same as the larger holdings, indicating that
the smaller farms had a higher cropping intensity than the larger 
farms. Similar relationship has been reported for farms of the 
Kandiyan region (Illangasinghe, 1976).
Having planted for different reasons, and constrained by the
available land, most farms carried a variety of crops in a 
multi-storied mix. Both the number of crops grown, and and the number 
of plants in each species, were different from farm to farm. Broadly 
these crops can be classified to three groups, viz: perennials, 
semi-perennials, and annuals. Of the perennials tree crops, including 
tea, rubber, and coconut were separated. Cinnamon was also considered 
separately due to its widespread occurance in the area. Based on the 
cultivation of above types of crops, farms were classified into four 
groups. Including the farms (in this case one farm) with lowland rice 
only, altogether five groups were identifiable. These were:
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Rubber 35 1 3*6
Cinnamon 15 5.8
Other 25 9.7
Sub total A 257 100.0 64-6
Lowland Rice 141 35.4
•5Source: Survey Datay
1. Annuals and Perennials
2. Tree Crops and Cinnamon
3. Tree Crops Only
4. Semi-perennials Only
5. Lowland Rice Only.
Though this classification appears to be less than satisfactory,
given the availability of data it provides some indication as to the
%
length of the planning horizon of these farmers. Distribution of the 
above types in the sample is shown in Table 3*10.
As expected, the majority (81$) of the farmers grew all three 
types, namely: annuals, semi-perennials, and perennials. A fair
proportionO 1%) had only tree crops, of which coconut was the main 
crop, followed by tea in the Mid Country area.
•5Another 19 ha of Cinnamon were reported as an intercrop under 
coconut.
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Table 3-10: Distribution of the Farms by Type of Crops Grown
Type of Crops No. of Responses Average Size
(No.) ($) (Ha)
Annuals & Perennials 215 80.5 1 .97
Tree Crops & Cinnamon 4 1.5 1.14
Tree Crops Only 45 16.9 0.72
Semi-perennials only 2 0.7 0.25
Lowland Rice only 1 0.4 0.46
All 267 100.0 1 .73
It is also important to examine which farm types grow which of 
these crop types. This information is presented in Table 3*11* As one 
would expect, all the traditional three component farms had virtually 
all the above three main types of crops, and 79$ of the two component 
farms also carry both annuals and perennials, while 0.4$ of the single 
component category had all these types.
This leads to the conclusion that, whenever the available land 
type permits the farmers prefer to grow a variety of crops, rather to 
concentrate on one or two. However, these different crops are not 
necessarily grown together or in one block. They still prefer to grow 
certain crops, and few parcels of some other crops in a monoculture, 
while still others are intermixed.
Though accurate data were not available from the farmers, an 
attempt was made to roughly estimate the extents of mixed^ and sole 
cropping in those farms. This information is presented in Table 3*12, 
by topographical zone and the farm type.
Despite the farmers in both zones having a variety of crops on 
their farms, only 23$ of the cultivated area was mixed cropped(Table 
3.12). The principal sole crop was paddy followed by tree crops and 
cinnamon. As will be discussed later, a significant proportion of 
coconut lands were found to be under intercrops.
^This includes the areas under intercrops as well.
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Table 3-11: Relationship With the Type of Farm
and Type of Crops Grown
Type of Farm($)
lype 01 orop
3 Compo. 2 Compo. 1 Compo.
Annuals & Perennials 46.3 34.4 0.4
Tree Crops & Cinnamon - 1.5 -
Tree Crops Only - 7.4 8.5
Other Crops Only - - 0.7
Paddy Only - 0.4 0.4
All 46.3 43.7 10.0
There was no marked difference in the extent of sole and mixed 
crops betwen the two zones. However, the smaller farms in both zones 
carried a larger proportion of mixed crops.
3.5.1 Farm Size and Cropping Intensity
There appears to be a negative relationship between the holding 
size and the cultivated extent of a farm. Smaller farms tend to 
cultivate almost all the available area, while more prosperous farmers 
with larger areas of farmland tend to leave some areas uncultivated.
The hilly terrain in the mid country area favours a smaller farm 
size, thus, the cultivated areas were calculated separately for the two 
zones. As expected, the mid country farms were 21$ smaller than the 
average Low Country farms(Table 3*13)* Another factor, other than 
terrain, that contributes to smaller farms in the mid country area was 
the large areas of land devoted for estate sector tea plantations, 
which limits the land area available for the smallholders. The terrain 
limits the farm size largely by reducing the lowland component of the 
farms. As seen in Table 3-20, an average low country farm had an 
average lowland area of 0.60 ha, while in the mid country it was only 
0.41 ha.
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Table 5-12: Extent of Sole and Mixed Cropping Followed by the
Different Types of Farms in the Two Topographical Zones
Topographical Type of Cultivated Percent Percent
Zone Farm Extent(Ha) Mixed Sole
A. Mid Country 5 Compo. 1.6 18.7 81 .5
2 Compo. 1.1 24.2 75-8
1 Compo. 0.5 57.5 62.5
Average A 1.5 22.6 77.4
B. Low Country 5 Compo. 1 .8 14.2 85-8
2 Compo. 1.6 21.5 78.7
1 Compo. 0.4 65-5 56.5
Average B 1.6 22.5 77.5
Both Zones Average 1.5 22.5 77.5
The mid country farmers, however, appear to have somewhat overcome 
this limitation by cultivating a larger proportion(92$) of their 
farmland than the low country counterparts, who cultivate 85$ of their 
farm area.
5.5*2 Farm Size and the Composition of the Crop Mix
The composition of the crop mix evidently differed with the change 
in the farm size. The extent of the farm devoted for different types of 
crops also varied for different farm sizes. However, this relationship 
did not hold equally true for the two topographical zones. While the 
low country area under tree crops decreased as the farm size 
increased,in the mid country the situation apparently reversed (Table 
5.14). The composition of the tree crops in the two zones was however, 
quite different. The principal tree crop in the mid country was tea, 
while that of the low country was coconut. Correspondingly, the low 
country farmers increased their farm area under cash crops and fruit
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Table  3 -1 3 :  H o ld ing  S i z e  and Cropp ing  I n t e n s i t i e s
o f  t h e  Su rveyed  Farms




H o ld ing
S i z e
C u l t i v a t e d  
Area ( % )
A. Mid Country 3 Component 1 .72 92 .4
2 Component 1 .19 8 8 .2
1 Component 0 .8 2 63-4
Average A 1 .44 8 9 .6
B. Low Country 3 Component 2 .2 4 81 .7
2 Component 1 .79 8 9 .4
1 Component 0 .3 6 100.0
Average B 1 .84 8 5 .3
Average A l l  Types 1 .73 86 .1 3
c rops  ( c l a s s e d  u n d e r  ' o t h e r  c r o p s '  i n  t h e  t a b l e )  a s  t h e  farm s i z e  
i n c r e a s e d .
The r e a s o n  f o r  the  mid c o u n t r y  f a r m e r s  b e ha v ing  d i f f e r e n t l y  was 
due to  t h e  r e l a t i v e l y  h i g h e r  r e t u r n s  a v a i l a b l e  from th e  t e a  c rop  and 
the u n a v a i l a b i l i t y  o f  p o t e n t i a l l y  b e t t e r  c r o p s  to  r e p l a c e  t e a  i n  t h e  
a r e a .  Whereas ,  t h e  low c o u n t r y  f a r m e r s  were a dva n ta ge d  by b o th  
c l i m a t i c  s u i t a b i l i t y  and m arke t  f a c i l i t i e s  t o  growing o t h e r  ca sh  c r o p s  
i n  p l a c e  o f  p e r e n n i a l s .  Being l o c a t e d  c l o s e r  to  t h e  u rban  c e n t e r s  th e y  
were b e t t e r  in fo rmed  o f  t h e  m arke t  s i t u a t i o n  and a b l e  to  a d j u s t  t h e i r  
c ro p p p i n g  p a t t e r n s  to  s u i t  m arke t  n e e d s .  The l e s s  f a v o u r a b l y  l o c a t e d  
mid c o u n t r y  f a r m e r s  i n  f a c t  reduced  t h e s e  c r o p s  to  ze ro  as  t h e  farm 
s i z e  r e a c h e d  th e  3*5 ha l e v e l .
There  was no c l e a r  r e l a t i o n s h i p  be tw een  th e  lowland  a r e a  o f  the  
farm and t h e  o v e r a l l  s i z e  o f  the  f a rm ,  e x c e p t  t h a t  t h e  low c o u n t r y  
farms g e n e r a l l y  had a l a r g e r  lowland  component .  As a l s o  i n d i c a t e d
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Table 3-14: Farm Size and the Composition of the Crop Mix
Topographical Farm
Zone Size
Types of Crops by Per Cent of Farm
Tree Crops Rice Other Intercrops
Mid Country 0 - 0.49 55 21 13 34
0.5 - 1.49 63 21 2 21
1.5 - 3.49 55 22 4 19
3.5 - 9.49 57 37 - 14
9.5 - 20.0 79 21 - 18
Average Mid Country 60 23 3 21
Low Country 0 - 0.49 65 23 6 49
0.5 - 1.49 46 37 10 25
1.5 - 3.49 43 38 10 18
3.5 - 9.49 40 33 13 9
9.5 - 20.0 35 18 16 17
Average Low Country 47 35 9 24
Average 51 32 8 24
earlier, the proportion of mixed crops in the smaller farms was much 
higher, in general, than in the larger farms.
3.5.3 Factors Determining the Composition of the Crop Mix
Except for settlement schemes, there is no central body which 
decides upon the types of crops or the composition of a crop mix
followed by a farm. The farmer is at liberty to choose the crop mix
that he thinks suitable. It was apparent that most of the farms 
surveyed are, perhaps, a few centuries old. The present crop mix was 
therefore a result of time, rather than deliberate planning. As
mentioned early, in the past, once offspring inherit land from their
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predecessors, they try to preserve old vegetation on the farm, while 
adding whatever they prefer to the mixture. Most of these crops being 
perennials, and others easily reproducing themselves in the absence of 
proper management, overcrowded and overshaded forest gardens are the 
result. Though these mixes are not planned deliberately as a system,
most of these individual crops are being added to the mix quite
deliberately.
More recently, the choice of crops has largely depended on 
economic, nutritional, and social considerations. The local extension 
services and general education of farmers, and the farm family have 
been largely responsible for this change. In most farms it was seen 
that several new crops, and varieties of crops, were being added to the 
crop mix. These include soy bean, bush-shitao(a kind of bean), and 
fodder crops like Ipil-Ipil(Leucaena). These are being incorporated in 
place of some traditional crops such as millets, coarse grain legumes 
and the like.
In some other instances the selection of the crops has been
entirely market oriented, as in the case of rubber and tea. There were
also relatively large scale passion fruit and cinnamon cultivations 
aimed at market production. Crops such as coconut, banana, pineapple 
and papaw serve both domestic and market demands.
Generally these market oriented crops were cultivated on the farms 
in the low country area, particularly those in close proximity to urban 
centers. This suggests that the closeness to the marketing facilities 
is an important determinant of the composition of the crop mix of these 
farms.
For some farmers, the selection of the crop was based on the 
apparent fertility of the soil and the nutritional requirements of the 
crops. Cinnamon, for example, was often found to be grown at the 
boundry of rice fields and newly cleared land.
The principal objective in all these situations was to produce the 
preferred bundle of products for the family, and to have some surplus 
for market sales, where possible.
In almost all farms two rice crops were raised in each year on the 
same plot. Therefore, for rice, the cropping intensity was two. For 
other crops, however, it was not possible to calculate the cropping
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i n t e n s i t i e s ,  n o r  a l and  use  i n d e x  due to  a l a c k  o f  r e l e v a n t  
i n f o r m a t i o n .
S ince  the  p r e s e n t  work i s  p r i m a r i l y  concerned  w i t h  d e v e l o p i n g  
coc onu t  based  f a rm in g  sys tem s  f o r  t h e  s m a l l h o l d e r  f a r m e r s  o f  S r i  Lanka,  
i t  was i m p o r t a n t  to  o b t a i n  a c om p le te  p i c t u r e  o f  t h e  c u r r e n t  s t a t u s  o f  
coc onu t  p r o d u c t i o n ,  and a s s o c i a t e d  p r a c t i c e s  such  a s  i n t e r c r o p p i n g  and 
l i v e s t o c k  p r o d u c t i o n ,  i n  t h e  d i s t r i c t .  These a s p e c t s  were a l s o  a n a l y s e d  
i n  r e l a t i o n  to  t h e  farm t y p e s  i d e n t i f i e d  e a r l i e r .
3 .6  Coconut  and a s s o c i a t e d  E n t e r p r i s e s
Coconut was t h e  most  w id e ly  c u l t i v a t e d  c rop  i n  t h e  sample .  The 
a r e a  cove red  by t h e  c ro p  i n  t h e  sample (116ha)  was l e s s  t h a n  f o r  
r i c e ( l 4 1  h a ) .  However, 89$ o f  t h e  sample  r e p o r t e d  h a v in g  c o c o n u t ,  w h i l e  
on ly  77$ o f  t h e  f a r m e r s  were engaged i n  r i c e  p r o d u c t i o n .  Thus t h e  
e x t r a  a r e a  cove red  by r i c e  was due to  t h e  r e l a t i v e l y  l a r g e r  s i z e  o f  t h e  
r i c e  component ( 0 . 5 3 ) ,  compared to  c o c o n u t ( 0 .4 3 ) •
S in c e  t h e r e  were some f a r m e r s  who d id  no t  c u l t i v a t e  c oc onu t  i n  
t h e i r  farms the  f o l l o w i n g  a n a l y s i s  i s  based  on th e  c oconu t  s u b - s a m p le .
3 .6 .1  S i z e  C la s s  D i s t r i b u t i o n  o f  Coconut  P l a n t i n g s
The s i z e  d i s t r i b u t i o n  (T a b le  3*15)  o f  the  farms a s  a whole has  
a l r e a d y  been  d i s c u s s e d .  Of t h e  240 farms r e p o r t i n g  coc onu t  i n  t h e  
s u r v e y ,  t h e  a r e a  unde r  t h e  c ro p  ranged  from 0 . 0 4  ha to  3*24 h a .  T h i s  
was d i s t r i b u t e d  w i t h  a Mean a r e a  o f  0 .49  and a s t a n d a r d  d e v i a t i o n  o f  
0 . 5 4 .  The number o f  coc o n u t  p a r c e l s  on a g i v e n  farm ranged  from one to  
s i x ,  83$ o f  t h e  farms had on ly  one coconu t  p a r c e l  w h i l e  a n o t h e r  12$ had 
two. The b a l a n c e  (5$)  had 3 to  s i x  p a r c e l s  e a ch .  The sample was d i v i d e d  
i n t o  f i v e  s i z e  c l a s s e s  and the  f r e q u e n c y  d i s t r i b u t i o n  was o b t a i n e d ,  
s e p a r a t e l y ,  f o r  the  two z one s .
The s i z e  d i s t r i b u t i o n  c l e a r l y  shows t h a t  t h e  mid c o u n t r y  coconu t  
p l a n t i n g s  a r e  much s m a l l e r  t h a n  th e  low c o u n t r y  o n e s .  On t h e  a v e r a g e ,  a 
mid c o u n t r y  c oconu t  p l a n t i n g  was two t h i r d s  t h e  s i z e  o f  t h e  low c o u n t r y  
a v e r a g e .  N e v e r t h e l e s s ,  t h i s  r e l a t i o n s h i p  d id  n o t  ho ld  t r u e  w i t h i n  a 
g i v e n  c l a s s ,  where t h e  h o l d i n g s  o f  t h e  two zones  were a lm o s t  s i m i l a r  i n  
s i z e .  Thus,  t h e  d i f f e r e n c e  i n  t h e  Mean s i z e  was caused  by t h e  n a r r o w e r  
r a n g e  o f  d i s t r i b u t i o n  o f  t h e  mid c o u n t r y  p l a n t i n g s ,  where h o l d i n g s  
l a r g e r  t h a n  2 . 5  were e n t i r e l y  a b s e n t .  In  t h e  mid c o u n t r y ,  a l a r g e r
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Tab le  5 - 1 5 :  S i z e  D i s t r i b u t i o n  o f  Coconut  Lands
i n  t h e  Surveyed D i s t r i c t
T o p o g r a p h ic a l  S i z e  
Zone C la s s
Number o f  
H o ld ings
Area o f  




Mid Country  0 -  0 .2 5 6 0 .0 2 2 .8 0 .1 4
0 .2 5  -  0 . 5 0 15 .4 15 .9 0 .58
0 .5 0  -  1 .50 2 0 .0 4 0 .7 0 .7 5
1 . 5 0 -  2 .5 0 4 .6 20 .6 1.65
2 .5 0  -  5 . 5 0 - - -
A l l  C l a s s e s 27.1 20 .5 0 .57
Low Count ry  0 -  0 .2 5 4 4 .0 12 .5 0.1 5
0 .2 5 -  0 . 5 0 22 .5 1 6 .0 0 .5 8
0 .5 0 - 1 . 5 0 2 6 .5 4 0 .7 0 .8 2
1.50 -  2 .50 5.1 18 .2 1 .87
2 .5 0 -  5 .5 0 2 .5 12 .6 2 .95
A l l C l a s s e s 72 .9 79-5 0 .5 5
p e r c e n t a g e  o f  p l a n t i n g s  were l e s s  t h a n  0 .25  ha ,  w h i l e  i n  bo th  zones a 
l i t t l e  o v e r  90$ were l e s s  t h a n  1 .5  h a ,  t h i s  c o n s t i t u t e d  on ly  79$ and 
69$ o f  t h e  a r e a  r e s p e c t i v e l y  o f  the  mid and low c o u n t r y  p l a n t i n g s .  This  
shows t h e  e x t e n t  o f  i n e q u a l i t i e s  t h a t  e x i s t  i n  the  s i z e  d i s t r i b u t i o n .
5 . 6 . 2  Age and Y ie ld  S t a t u s  o f  Coconuts
No s y s t e m a t i c  r e c o r d s  were k e p t  by most f a r m e r s  r e g a r d i n g  th e  age 
and y i e l d  o f  any o f  t h e  c ro p s  t h e y  grew.  However,  the  t r a i n e d  
e n u m e r a t o r s  were a b l e  to  " g u e s t i m a t e "  the  age o f  palms and to  
c a t e g o r i s e  them i n t o  d i f f e r e n t  y i e l d  s t a t u s e s .  Though most  o f  t h e  farms 
had o n ly  one p a r c e l  o f  c o c o n u t ,  o f t e n  t h e r e  were palms o f  d i f f e r e n t
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ages  and y i e l d  l e v e l s ,  even w i t h i n  a g i v e n  p a r c e l .  Thus t h e  d a t a  
c o l l e c t e d  were r e c l a s s i f i e d  to  o b t a i n  t h e  ' p r e d o m i n a n t '  age o f  t h e  
p l a n t i n g s .  Th i s  was s u c c e s s f u l  f o r  a l l  b u t  s i x  f a rm s ,  where palms 
f a l l i n g  i n t o  a l l  t h r e e  age g ro u p s  c o n s i d e r e d  were found .  These r e s u l t s  
a r e  summarised i n  Tab le  3*16.
Tab le  3 -1 6 :  P re dom ina n t  Age o f  Coconut  P l a n t i n g s
o f  t h e  Surveyed  Farms
Age C a te g o ry Number o f  Farms
(Years ) (No. ) ($)
0 -  10 21 8 . 8
1 0 - 4 0 74 3 0 .8
40 -  60 95 3 9 .6
60 & ove r 44 18 .3
U n c la s s e d 6 2 .5
T o t a l 240 100.0
Accord in g  to  t h e  age d i s t r i b u t i o n  i n  Ta b le  3*16,  a b o u t  i 0 , o  o f  t h e  
p l a n t i n g s  a r e  i n  p r o d u c t i v e  a g e ,  and a n o t h e r  18$ a r e  o v e r  60 y e a r s ,  
which i s  c o n s i d e r e d  to  be t h e  economic l i f e  span o f  a c o c o n u t  palm 
( C h i l d ,  1971) .  Nine p e r c e n t  o f  t h e  young p l a n t i n g s  s u g g e s t  t h a t  t h e r e  
has  been some r e s p o n s e  to  t h e  n a t i o n a l  c o c o n u t  r e h a b i l i t a t i o n  programme 
i n  t h e  a r e a  o v e r  t h e  l a s t  few y e a r s .
These p l a n t i n g s  were c l a s s i f i e d  i n t o  t h r e e  y i e l d  c l a s s e s  b a s ed  on 
the  y i e l d i n g  a b i l i t y  o f  the  pa lm s .  The r e s u l t s  o f  t h i s  c l a s s i f i c a t i o n  
was,  s i m i l a r  to  t h a t  r e f l e c t e d  i n  t h e  age d i s t r i b u t i o n  o f  t h e  
p l a n t i n g s .  As s e en  from Tab le  3 - 1 7 ,  74$ o f  the  p l a n t i n g s  were i n  t h e  
a c t u a l  y i e l d i n g  c a t e g o r y ,  whereas  t h e  age d i s t r i b u t i o n  s u g g e s t e d  a 
f i g u r e  o f  70$ .  A c r o s s  t a b u l a t i o n  o f  t h e  two v a r i a b l e s  c o n f i r m e d  t h i s .  
Tab le  3 .1 7  summari ses  t h e s e  r e s u l t s ,  and shows t h a t  83$ o f  t h e  y i e l d i n g  
p l a n t i n g s  f a l l s  w i t h i n  the  age range  o f  10 t o  60 y e a r s .
Ta b le  3 .17  a l s o  r e f l e c t s  some management  c o n d i t i o n s  o f  t h e  
p l a n t i n g s .  Only 7$ o f  t h e  s e n i l e  p l a n t i n g s  were below 40 y e a r s  o l d ,
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and only 17$ of the non-yielding plantings were above 10 years old. 
These two together seem to suggest that, on the average the management 
conditions of these holdings were satisfactory. The only point needing 
attention is was that the 12$ of yielding coconuts were over 60 years 
and, 18$ of the plantings were senile (these two groups need to be 
replanted soon).












0 - 10 71 83 29 3 - -
1 0 - 4 0 3 11 93 39 4 7
40 - 60 1 6 82 44 17 35
60 & Over - - 48 12 52 53
Unclassed - - 677 2 33 5
Whole Sample 8 74 18
3.6.3 Intercropping and Livestock Activities Associated with Coconuts
As mentioned earlier, the district was characterised by having a 
larger proportion of coconut plantings which carry intercrops. Most of 
these farms also carried livestock.
While different farms carry different combinations of crops, the 
most popular crops could be classed into three groups: namely, 
perennials, semiperennials, and annuals. The list of crops falling into 
these categories are given below.
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Brassica spp. (mainly) 
Vigna spp.
Overall, 75$ of the coconut plantings carried intercrops. The age 
category of plantings which carried the largest proportion of 
intercrops was 40-60 years, followed by age group 10-40 years. These 
two together included 77% of the holdings with intercrops. The 
distribution of the intercropped plantings by the age of palms is given 
in Table 3-18.
Table 3-18: Distribution of the Coconut Farms Carrying Intercrops







Below 10 6.7 57.1
10 - 40 31.3 75.7
40 - 60 45.8 81.2
60 & Over 16.2 65.9
All 100.0 74.6
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It is important to examine the distribution of these intercropped 
farms by the area of the coconut planting. This information presented 
in Table 3.19, and suggests that a larger proportion of the smaller 
plantings generally carry intercrops. The area of coconut plantings 
being related to the overall size of the holding, the distribution of 
these intercropped farms, by the holding size, was similar to that for 
the size of the coconut planting.
Both the proportion of farms and the percent area of coconut 
plantings under intercrops declined as the area of coconut planting was 
increasing. This decline was more pronounced for the percent area 
intercropped than for the percent farms intercropped.
Table 3-19: Distribution of the Intercropped Farms 






(Ha) ( X ) (*)
Up to 0.25 79.3 92.9
0.25 - 0.50 85.7 86.8
0.50 - 1.50 6 1 . 0 29.6
1.50 - 2.50 66.7 9.4
2.50 - 3.50 25.0 8.5
All 74.6 41.7
There was no significant difference among different types of farms 
in the proportion of farms intercroped. The only notable aspect was 
that 89% of the farms carrying intercrops are in the three component 
category.
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3.6.3.1 Livestock Activities Associated with Coconut
Livestock production associated with tree crops, particularly 
coconut, is a traditional practice. The cattle used for farm work and 
dairy purposes are normally tethered to the coconut palms during the 
night. Thus there is an apparent incompatibility between intercropping 
and animal production in coconut association, if a crop other than 
pasture to be grown as the intercrop.
However, there was no indication of this incompatibility, as shown 
by the survey findings, other than the slightly higher proportion of 
farms without intercrops having livestock in the coconut sub-sample. 
Farmers in the surveyed area rarely grew pasture as an intercrop. 
However, some of them had both livestock and cattle on one farm. The 
feed for animals came from the coconut land (native grasses and weeds) , 
rice fields, and the farm boundries. Most farmers used crop residues 
and rice straw as a dry season feed supplement.
3.7 Resource base Characteristics of the Farmers
As stated, the objective of the above analyses was to provide the 
background data for the development of farm models. In order to apply 
models generally to a large number of farms, description and 
classification of farms into representative groups is a prerequisite. 
Criteria upon which this classification is to be based for grouping the 
farms has been the source of much discussion (Bucknell and Hazel, 1972; 
Millar, 1966). Two types of classifications were attempted. One was 
based on the current farming systems, and the other based on the 
resource base of the farmers. Curnov and Upton (1974) , considered that 
it is more logical to base the classification on the latter, that is, 
the amount of land, labour and capital at the farmers’ disposal. While 
Day( 1963) considered that the grouping must be related to the 
structure, the operational efficiency, and the development 
possibilities for farms. However, the managerial capability of the 
farmer, being an important factor in farm development, needs to be 
incorporated into such a classification.
As mentioned earlier, farming is dynamic in the sense that the 
farms are in a constant process of change. The changes are gradual, as 
sweeping changes are not generally acceptable to farmers. One cannot
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ask the farmers of Sri Lanka to remove all their coconut palms and to 
plant oil palm, irrespective of the apparent economic superiority of
oil palm. Rather one might gradually replace coconut with oil palm over 
time.
Managerial capability, being both taught and acquired through 
experience, and the farming system one would adopt being heavily
influenced by his managerial capability, the current farming system
could be considered a good proxy of the managerial capability of the 
farmers. Therefore, a classification based on both the current farming 
systems and the resource base of the farmers was considered as a better 
basis for the classification of farms for the purpose of the present
study. This accommodates the views of both Day(1963), and Curnov and 
Upton(1974). The available resource base characteristics of the farmers 
are presented by their respective farm types in table 3.20. This
information will be used as the constraints of the Linear Programming 
specifications in the subsequent modelling exercises.
3.7.1 Some important Characteristics of the Farms by the Type of Labour 
Use
As seen in Table 3*4, nearly a quarter of the surveyed farms did 
not use any family labour for their farm work. While 40* used both 
family and hired labour for farm work, and a little more than a third 
used only family labour for farm work. In order to examine any 
differences in their labour and other endowments, these three
categories were analysed separately.
It is clear from Table 3.21 that, as the use of hired labour
increases, the size of the farm too increases. This suggests that the 
farms that use hired labour are the larger farms. As one would expect, 
the proportion of the farm area cultivated increases as more hired 
labour is used. The family labour availability as shown in Table 3.21 
suggests that those farms who do not use family labour have a lower
endowment of family labour per farm. Furthermore, such farms are larger 
than the other categories so that family labour availability per unit 
of land area is very much smaller. The proportion of coconut area put 
into intercrops increased as the proportion of family labour use 
decreased in the mid country, while opposite was true for the low
country farms. This seems to be explained by the relatively larger
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Table 3-20: Resource Base Characteristics of the Farmers
by the Topographical Zone and the Type of Farm
Farm Type Holding j Lowland ! Coconut jTree jOther !Livestk .|Family
/Zone Size | Area j Area |Crops Crops !(Heads) |Labour
(Ha) (Ha) (Ha) (Ha) (Ha) (No.) (AME*)
A. Mid Country
i. 3 Compo. 1.72 0.56 0.33 .66 .04 2.2 3-95
ii. 2 Compo. 1.29 0.14 0.44 .50 .01 1 .1 3.38
iii. 1 Compo. 0.81 0.00 0.40 .27 .00 2.0 4.30
Average A 1.55 0.41 0.37 .60 .03 1.9 3.79
B. Low Country
i. 3 Compo. 2.25 0.71 0.47 .45 .05 2.3 3.85
ii. 2 Compo. 1 .89 0.61 0.63 .20 .07 1 .0 3.94
iii. 1 Compo. 0.38 - 0.35 .03 - 0.7 4.63
Average B 1 .92 0.60 0.53 .30 .06 1 .6 3.96
All 1 .82 0.55 0.48 .38 .05 1 .7 3.91
Note: *AME = Adult Male Equivalents (See Section 3*3)
holding size of the low country farms, which also carried a relatively 
large area of coconuts. Most of the intercrops being grown for domestic 
purposes, most farms had somewhat similar areas under intercrops, 
irrespective of the size of the coconut holding.
3.8 The Seasonal Cropping Calendar
As indicated in the introduction, the annual rainfall in the area 
has a bimodal distribution with peaks in May and October-November. The 
two major cropping seasons Yala and Maha, closely follow this rainfall 
pattern. Rainfall being the principal source of water for crop
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Table 3-21: Some Important Farm Characteristics

























(Ha) (*) (Ha) (*) (Ha) (Ha) (AME)
Mid Country
Family 1.07 85 0.19 6.5 0.55 0.33 5.69
Both 1 .43 93 0.32 14.3 0.97 0.33 4.13
Hired 2.51 90 0.61 15.4 1 .72 0.53 2.78
Low Country
Family 1.86 74 0.41 22.2 0.65 0.53 5.09
Both 1 .65 86 0.41 19.3 0.64 0.58 4.88
Hired 2.72 94 0.74 7.6 1 .33 0.89 3.18
Average 1 .73 86 0.43 14.9 0.81 0.81 4.94
Note: *PFL Potential Family Labour (See Section 3*3)
production, farmers have to organize their cropping activities to 
obtain the maximum use of the annual rainfall.
For rice, relatively large amounts of water are required for land 
preparation and a period of dry weather is needed during the harvesting 
season. Rice being the most important crop for most farmers, and its 
cultivation practices needing to be organized strictly following the 
rainfall pattern, other crop activities are then generally planned 
outside the peak season for rice cultivation. Activities such as 
establishment of upland crops, fertilizer application for perennial 
crops and weeding etc., are also carried out with explicit 
consideration of the rainfall distribution. Several of these activities 
draw heavily on the family labour resources and, having to be completed 
within a narrow period of time, farmers often seek mutual assistance
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from neighbouring farms. Since the same applies for all the farms in an 
area, farmers follow a particular sequence in carrying out these 
activities. This has been developed over the years taking into account 
both social and private interests.
This could meaningfully be described in terms of a seasonal 
cropping calendar. The basic elements of the calendar are the 
activities concerned with rice production. Generally two rice crops 
are raised each year . As seen in figure 3*2 land preparation for Maha 
rice crop commences in late October, for seed sowing in November, which 
matures for harvesting in late January through early February, in the 
relatively dry season. Land preparation for the Yala crop begins in 
March for sowing in April. This crop is then harvested in June-July 
again in the low rainfall period. The period between establishment and 
harvesting demands less attention and, therefore, the farmers attend to 
the activities associated with perennials and other crops.
Fertilizer application for most perennial crops, such as rubber, 
coconut, tea and cinnamon etc., are generally carried out with the 
onset of rains. This operation is normally preceded by manual weeding, 
which is carried out during the low rainfall period after or before the 
rice harvest. Most planting activities are also carried out with the 
onset of rains, and thus the period May-June and October-November are 
rather busy for the farmers. Farmers generally prefer to establish 
crops during May-June, so that sufficient moisture is available for the 
newly planted crop during the following months, whereas, crops planted 
in October-November have to go over a dry period in December through 
February, where manual watering may be required for proper 
establishment of the plants.
Most of the root crops are planted only in the Yala season, after 
the establishment of the rice crop. Manioc(Cassava) and certain other 
short aged yams however, are grown in both seasons depending on farmer 
preferences.
As will be discussed later, these seasonal requirements of labour 
for different activities and the need to perform these activities
^Some farmers cultivate three rice crops a year using three-months- 
old varieties during the period inbetween the two seasons called Mada.
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during a narrow period, often act as constraints for activities such as 
intercropping. This aspect will be taken into account in formulating 
the linear programming specifications, in the next Chapter.
3.9 Rationale Behind Present Farming Practices and Implications for 
Future Planning and Development
3.9.1 The Historical Perspective
Farming is an age old practice. In ancient Sri Lanka, upland crops 
were basically cultivated in mixed form. Once the jungles were cleared, 
desirable plants such as spices, food crops, and medicinal plants were 
left aside and cared for, while other desirable species have been added 
to this base, resulting in a heterogeneous mix. This mix was basically 
to satisfy household's daily needs.
With the systematization of agriculture, some crops, mainly spices 
and arecanut, were produced for trade. Coffee and cocoa were 
introduced to these systems by foreign invaders. With the failure of 
coffee due to disease, rubber and tea were introduced as large scale 
monocultures, again by the foreigners. Foreign owned plantations 
eventually led some local farmers towards monoculture, basically 
specializing for market production. Cultivation of coconut as a 
plantation crop was then extended, both by the local elite and the 
foreigners. Though monoculture gradually entered into the smallholdings 
as well, farmers continued to have their medicinal herbs, spices, 
vegetables and betel etc. grown around the homestead but on a smaller 
scale in mixedculture.
However, with the end of the colonial era, both the government and 
the individual farmers felt the need to diversify these monocultural 
systems, due to market uncertainities and the pressure on land from a 
growing population. Addition of worthwhile crops to the monoculture 
systems as intercrops, initially by the smaller farmers, led to the 
increased reappearence of mixed farming systems. The major difference 
in these recently derived mixed farming systems being the more 
systematic manner in which these are grown by those interested in 
market production.
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3«9*2 The Lowland Component
While  t h i s  e v o l u t i o n  was p r o c e e d i n g  i n  the  u p l a n d s  and th e  
homegardens ,  t h e  o n ly  n o t i c e a b l e  changes  i n  the  l o w lands  were t h e  
i n c r e a s e d  use  o f  a r t i f i c i a l  f e r t i l i z e r s  i n  p l a c e  o f  n a t u r a l  manures ,  
and t h e  w id e s p re a d  use  o f  t h e  h ig h  y i e l d i n g  v a r i e t i e s  o f  r i c e .  As 
d i s c u s s e d  by H e r a t h ( 1978)  , even i n  t h e  r i c e  f i e l d s  f a r m e r s  t ended  to  
grow d i f f e r e n t  v a r i e t i e s  o f  r i c e ,  to  s u i t  b o th  t h e  f a m i l y  p a l a t e  and 
m arke t  demand.
3 - 9»3 The L i v e s t o c k  Component
There  i s  h i s t o r i c a l  e v id e n c e  t h a t  p e o p le  i n  S r i  Lanka have k e p t  
farm a n im a l s  s i n c e  a n c i e n t  t i m e s .  T r a d i t i o n a l l y ,  t h e  ow n e r s h ip  o f  s t o c k  
has  been a s t a t u s  symbol ,  and owners  o f  l a r g e  h e r d s  o f  c a t t l e  and 
b u f f a l o e s  were h e ld  i n  h ig h  e s teem  by s o c i e t y .  These a n im a l s  p ro v id e d  
d r a u g h t  power f o r  t i l l a g e  and t r a n s p o r t ,  and u n t i l  r e l a t i v e l y  r e c e n t  
t im es  b e e f  e a t i n g  was lo oked  down upon i n  r u r a l  s o c i e t y .
I n c i d e n t l y ,  a few ( 3 %) s u rv e y e d  fa rms  k e p t  l i v e s t o c k  m ere ly  to  
r e p r e s e n t  t h e i r  w e a l t h ,  w h i l s t  t h e  m a j o r i t y  o f  farms r e a r e d  l i v e s t o c k  
f o r  d r a u g h t  power and m i l k .  Meat was o n l y  a b y - p r o d u c t  i n  a l l  f a rm s ,  
and came from o ld  a n im a l s  and farm c u l l s .  T r a d i t i o n a l l y  a n im a l s  have 
been fed  on f r e e - r a n g e  i n  t h e  common g r a z i n g  l a n d  a d j o i n i n g  v i l l a g e  
f o r e s t s .  However, w i t h  i n c r e a s e d  s e t t l e m e n t s  and t h e  g r a d u a l  d e c l i n e  o f  
f o r e s t s ,  some a r e a s  have been  l e f t  a s i d e  a s  common g r a z i n g  g rounds  by 
the  s t a t e .  P o p u l a t i o n  p r e s s u r e  has  f o r c e d  t h e s e  l a n d s  i n t o  c u l t i v a t i o n  
and e v e n t u a l l y  a n i m a l s  have had to  be k e p t  t e t h e r e d  d u r i n g  t h e  c rop  
s e a s o n .  As a r e s u l t ,  t h e  an im a l  p o p u l a t i o n  was on th e  d e c l i n e  i n  t h e  
s e v e n t i e s .  However , s u b s e q u e n t  i n c r e a s e d  s t a t e  i n t e r v e n t i o n  has  
a l l e v i a t e d  t h i s  s i t u a t i o n .
At p r e s e n t ,  o n l y  a few fa rm s  c a r r y  l i v e s t o c k  and e x c e p t  i n  the  
r e l a t i v e l y  l a n d - a b u n d a n t  d ry  zone ,  a l a r g e  he rd  o f  c a t t l e  i s  an 
uncommon s i g h t .
3 . 9 . 4  I m p o r ta n c e  o f  the  Crop Mix
As d i s c u s s e d  above ,  a p a r t  from c a sh  income,  t h e  mixed farms 
p r o v i d e  many o f  t h e  r e q u i r e m e n t s  o f  t h e  h o u s e h o ld :  food ,  b e v e r a g e s ,
f i b r e ,  m e d i c i n e ,  f i r e w o o d  e t c . ,  w h i l e  k e e p in g  t h e  farm f a m i l y  employed 
a l l  y e a r  round .  W i th in  t h e  farm f a m i l i e s '  r e s o u r c e  c o n s t r a i n t s ,  i t
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provides a continuous income throughout the year. Those who cannot 
derive their income from their farm alone sell their abundant resource, 
labour, to neighbouring farmers who have larger land holdings but are 
short of labour.
The outstanding popularity of coconut as a mixed farm crop arises 
from its its versatility in meeting the daily needs of the household. 
No part of the coconut palm is useless. Almost all upland crops could 
be interplanted under coconut, with varying degrees of competition. 
Several crops and combinations of crops show no competition at all, 
while some are complementary (cocoa). Products of some of these crops 
are high in protein and rich in minerals (Winged Bean, Dioscorea etc.). 
For a nation with relatively low meat consumption, these crops are 
valuable assets. Many of the cash crops feasible under a coconut canopy 
have good keeping qualities and established markets. They also have a 
high market value per unit weight (Cloves, Pepper). Vegetables and
other perishable crops grown under coconut are usually the favourite 
local food. All these, together with the wide range of climatic
adaptability of the coconut palm, and its ability to produce a 
reasonable crop even at low levels of management, provide excellent 
opportunities for intensive cropping in the coconut environment.
3.9.5 Implications for Planning
The introduction, literature review and the above discussion 
suggest that there is tremendous scope for developing multiple 
enterprise farming systems in Sri Lanka, particularly in coconut
associations. The survey results indicate that it is not a novel
concept for the farmers in Matara district. What are lacking are 
realistic economic analyses of the different cropping patterns and 
enterprise combinations with a view to recommending possible 
improvements in resource use. Since the target group can be subdivided 
into different strata, according to their resource base and existing 
farming practices, different combinations of farm models need to be 
developed. Wherever possible, both crops and livestock need to be 
incorporated to these models. The models should be most flexible in 
case of the smaller farms, and the size of the holding needs to be 
considered when selecting appropriate crops.
As far as possible, the foregoing modelling work will take these
i n f o  r>nr\cn' rin
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3.10 Planning Models Selected for Programming
The discussion so far in this chapter reveals the complex nature 
of the farms studied. Attempts were made to classify these farms into 
various groups, both to highlight the various characteristics of the
different farming systems and for ease of understanding. Not all these
classes however, could be used for programming, due to the large
numbers involved and the associated difficulties in analysis and
interpretation. It may also lead to unnecessary repetition. It is 
therefore, necessary to build a few representative farm models for 
design and evaluation of alternative models using LP techniques. The
Table 3.22 below is an attempt to summarize the different
classifications used in the analysis and their interrelationships and 
the farming systems which were selected for LP formulations.
As seen in Table 3-22 the three component systems were found in 
all the size class categories. Those and the two component systems 
formed the bulk of the sampled farms(905S) (Table 3.11).
In the size distribution of the physical farm types, the farms 
larger than 9.5 ha were few and far between. There were only six such 
farms and all of them depended entirely on wage labour. Though this 
category of farms were included in the small farm sector in general, 
their relatively large land area enabled them to operate more like 
estate type farms. For this reason, those farms were ommited from the 
LP formulations.
On the other hand, the farms in the lower end of the size 
distribution(below 0.5 ha) consisted largely of two and single 
component types(Table 3.8). Most of these farms had a relatively large 
homegarden, where several crops, including perennials were clustered 
together. In general, those farms carried coconuts, but no tea, rubber 
or cinnamon. Due to the limited area planted to coconut and even that 
area having been already interplanted with several crops forming a 
forest garden, no possibility for further development was apparent. 
For this reason, though these farms amounted to 15% of the survey 
sample, were excluded from the LP analysis.
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3.10.1 Range of Farms Included in the Programming Models
As discussed in Chapter 3, the three component types of farms are 
the most widespread in the area and also those appeared to be the types 
of farms that need to be expanded. It was highlighted that the two and 
single component farms may have derived from the traditional three 
component farms and therefore, in planning farm development programmes, 
the three component farms need to be prefered. As such, only the three 
component farm types were considered in the LP analyses. However, 
these included all activities generally found in all types of farms.
Due to the lack of appropriate data, livestock activities could 
not be included in the present study.
The range of farms include in the final analysis are indicated in 
Table 3.22.
3.11 Limitations of the Survey data
As mentioned earlier in this Chapter, the data were collected 
along with a survey designed for another study. In order to minimize 
the respondent burden and also to ensure the validity of data 
collected, it was therefore necessary to limit the number of questions 
included in the questionnaire. As such, questions on land productivity, 
input-output levels, and marketing and consumption activities were not 
be included.
Thus, the survey data were only capable of describing the farming 
systems in terms of the resource base of the farms and the cropping 
patterns. This was deemed adequate for the first objective of the 
study, which was to identify and describe the present farming systems 
and cropping patterns in the district. However, in order to model 
alternative cropping patterns the survey data needed to be supplemented 
with information from other sources.
3.11.0.1 Secondary Sources of Data
Successful specification of a LP model requires detailed 
information on input-output coefficients, prices and output levels. Not 
all these categories of data were available directly from the study 
area for all the crop production activities considered in the study. 
Data on rice and cinnamon specifically refers to the study area, while,
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Table 3-22: Different Farm Classifications Considered in the Analyses
and the Frming Systems Selected for LP Formulations
Farm Type Types of Size Range of Farms(Ha)
/ Zone Crops ------------------------------------------------




& Peren. * (*) * (*)
2 Annuals 





& Peren. * (*) * (*)
2 Annuals 












Note: * Farm types/crops occured in the size range.
(*) Those included in the LP models.
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other data came from the coconut triangle0.
The data for tea and rubber were adapted from DMEC(1981) , while 
the other data were obtained from the following: Government of Sri
Lanka, Ministry of Finance and Planning(1981); Government of Sri Lanka, 
Department of Agriculture(1983), and unpublished data from the Coconut 
Research Institute of Sri Lanka. All the yield and input levels relate 
to the standard management practices.
No reliable data on livestock enterprises were available and hence 
livestock activities were not included in the models.
In the light of the above analysis and discussion, farm models for 
the selected farms will be developed and evaluated in the following 
chapter using linear programming techniques.
£
°Since the agricultural practices in the wet zone in general, are 
quite uniform over the districts, and the data being based on the 




LINEAR PROGRAMMING MODELS 
FOR PLANNING INTERCROPPING SYSTEMS 
IN COCONUT ASSOCIATIONS
4.1 Introduction
The survey analyses discussed in Chapter 3 reveals the basic 
characteristics of the farms being studied. The appropriate planning 
needs were also discussed at the end of the Chapter.
One of the important finding was that most of these farms try to 
operate in a multi-product environment in which coconut is a major, but 
not the sole concern. Their land holdings are small and no 
possibilities for expansion are apparent. Most of them consider 
farming as the major source of income, and therefore, they appear to be 
trying to maximise their returns out of the available limited 
resources; basically land and labour. While the need to maximise the 
resource use efficiency is most pertinent, it is somewhat restricted by 
a limited choice of alternatives, and their commitments to already 
established enterprises, such as, asweddumized paddy and perennial tree 
crops^.
This seems to suggest that, the problem in hand is a limiting and 
optimising one and therefore the research technique used should be able 
to optimise in the presence of several constraints in an multiproduct 
environment. The basic research tool often adopted in this area in Sri 
Lanka is budgeting and it's variants (DMEC, 1981; Etherington and 
Karunanayake, 1981; Government of Sri Lanka, Ministry of Finance and 
Planning, 1981, 1984). ’While simple budgeting is employed for the
AMost of the areas where lowland rice is now being cultivated have 
been derived from the swamp lands and scrub jungles in the lower plains 
and the valley bottoms. The process of converting these lands to paddy 
fields for cultivation of rice is locally known as 'uswedduma' and 
hence the term 'usweddumized' paddy land.
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evaluation of annual enterprises, procedures followed for the 
evaluation of multiperiod enterprises include; computing the Present 
Value of the expected flow of future net returns, the Internal Rate of 
Return from such flows, or the minimum Pay Back Period for the relevant 
investment alternatives.
Though budgeting is renowned for its simplicity, it has a limited 
capacity to consider interdependencies among different production 
variables. Budgeting provides a useful way of considering a given 
level of resource allocation for farm improvement, but, it is difficult 
to obtain a set of activities that maximise a given objective of a 
farmer, with a set of limited resources. This task becomes increasingly 
difficult as one tries to budget in a multiperiod multiproduct 
situation. Though, the handling of multiproduct, multiperiod situation 
has been made easier by the use of computer packages like spreadsheets 
and specialised packages such as MULBUD (Etherington, 1984) budgeting 
could still be considered a weak tool for it's inability to optimise 
while taking into account the many constraints that are working at 
regional, sectoral and the farm levels.
Based on the background information on the farms and the resource 
constraints discussed in the preceding Chapter, design and evaluation 
of alternate farming systems for different size categories of farms 
will be attempted in the remainder of this Chapter. These analyses will 
be based on Linear Programming techniques.
4.2 Application of Linear Programming for Farm Planning
Linear Programming (LP) is a planning technique that is often 
helpful in decisions requiring a choice among a large number of 
alternatives. The method, when properly defined, is capable of 
producing an optimal2 mathematical solution to a given set of 
alternatives and constraints. Though the theoretical basis for this 
optimising technique has been known for years, its widespread 
application in planning problems occured only after the invention of
pAn optimal solution is a feasible plan which takes the highest 
(lowest)value for the objective function that is being maximised 
(minimised). The feasible plans are those that satisfy certain
restrictions (such as resource availabilities) defined in the model.
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t h e  s im p lex  a l g o r i t h m  f o r  s o l v i n g  LP prob lems by D a n t z ig  (1951) -  
Su b s e q u e n t  improvements  i n  t h e  method and th e  advancements  o f  t h e  
e l e c t r o n i c  com pute r ,  have made LP a u s e f u l  a n a l y t i c a l  t o o l  f o r  farm 
p l a n n i n g .
Due to  i t s  complex n a t u r e  and t h e  r e q u i r e m e n t  o f  com pute rs  f o r  
e f f i c i e n t  m a n i p u l a t i o n  o f  LP p ro b le m s ,  i t s  a p p l i c a t i o n  i s  m o s t l y  found 
i n  t h e  d e v e lo p e d  w o r l d .  However,  t h e  t e c h n i q u e  has  e f f e c t i v e l y  been  
used  f o r  d e v e l o p i n g  wor ld  a p p l i c a t i o n s  by s e v e r a l  e c o n o m i s t s .  Heyer  
(1971)  on p e a s a n t  f a rm s  i n  Kenya;  Lee (1974)  on s m a l l  farm 
d i v e r s i f i c a t i o n  i n  Taiwan;  Wardhani (1974)  f o r  l and  s e t t l e m e n t  p l a n n i n g  
i n  I n d o n e s i a  a r e  some exam ples .  Biggs  (1974)  a p p l i e d  t h e  t e c h n i q u e  f o r  
r u r a l  p o l i c y  p l a n n i n g  i n  t h e  Kosi  r e g i o n  o f  B i h a r ,  I n d i a ,  and s e v e r a l  
o t h e r s  have used t h e  t e c h n i q u e  f o r  m u l t i l e v e l  p l a n n i n g .  The w e l l  known 
CHAC model i s  one example (Goreux and Manne, 1973)* R e c e n t l y  t h e  LP 
t e c h n i q u e  has  been employed f o r  a g r i c u l t u r a l  deve lopm en t  p l a n n i n g  i n  
T h a i l a n d  ( N i c o l  e t . a l . ,  1982) .
With r e f e r e n c e  to  S r i  Lanka,  t h i s  p l a n n i n g  t e c h n i q u e  has  been  used  
a t  d i f f e r e n t  l e v e l s .  Amarasinghe  (1974)  d e m o n s t r a t e d  i t s  u s e f u l n e s s  
f o r  s e t t l e m e n t  p l a n n i n g  i n  t h e  dry zone o f  S r i  Lanka.  S i r i s e n a  (1976)  
d e v e lo p e d  a m u l t i s e c t o r a l  model o f  p r o d u c t i o n  f o r  t h e  S r i  Lankan 
economy u s i n g  LP. De S i l v a  and L iyanage  (1978) d e m o n s t r a t e d  i t s  
a p p l i c a b i l i t y  f o r  farm l e v e l  p l a n n i n g  by a p p l y i n g  i t  to  a c o c o n u t  
i n t e r c r o p p i n g  p rob lem ,  and Senanayake  (1979)  used th e  t e c h n i q u e  to  
examine t h e  im pac t  o f  new t e c h n o l o g y  on s m a l l  f a r m e r s  i n  t h e  d ry  zone 
o f  S r i  Lanka.  R e c e n t l y ,  B o g a h a w a t t e (1984)  examined t h e  m u l t i p l e  
e n t e r p r i s e  s m a l l  f a rm s  i n  t h e  M onaraga la  d i s t r i c t  o f  S r i  Lanka,  u s i n g  a 
s t a t i c  LP model and c r o s s - s e c t i o n  d a t a .  Though he fo l lo w e d  t h e  whole 
farm a p p r o a c h ,  d i d  n o t  c o n s i d e r  any i n t e r c r o p s  i n  h i s  model .
4 . 2 . 1  A p p l i c a b i l i t y  o f  LP f o r  t h e  Development  o f  Optimal  Farm P l a n s  f o r  
S r i  Lankan Coconut  Farmers
As s t a t e d  e a r l i e r ,  t h e  u s u a l  farm p l a n n i n g  t o o l  i n  S r i  Lanka has  
been  B u d g e t in g  and Gross  Margin A n a l y s i s .  Fo r  t h e  f a r m e r s  however ,  t h e  
p o p u l a r  e v a l u a t i o n  method i s  ' c o m p a r i s o n '  w i th  t h e  n e i g h b o u r s  l a n d .  De 
s i l v a  and L iya nage  (1978)  d e m o n s t r a t e d  t h e  use  o f  LP method f o r  
p l a n n i n g  i n t e r c r o p p i n g  i n  coc onu t  l a n d s ,  i n  an e l e m e n t a r y  s t a t i c  m odel .  
B u rge ss  (1977)  used  m u l t i  s t a g e  L i n e a r  Programming f o r  p l a n n i n g
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intercropping in Western Samoa. Several other instances of application 
of the technique for cropping system design are found in 
literature(E.g: Kapur and Kahlon, 1964; McCarl and Nuthall, 1982;
Hanson and Oborne, 1985).
These different applications of LP both in static and dynamic 
models, demonstrates the possibility of specifying the 
interrelationships between different productive processes. Dynamic or 
intertemporal models could handle interrelationships between perennial 
and annual crops and the use of flexibility restraints-^ allows one to 
define crop linkages over time.
Heady (1971) showed how efficiently the programming techniques 
could be used for planning in different environments. He emphasised 
that the technique is universally applicable, but what matters is how 
the planning model is formulated to suit the planning environment in 
question. The task, as he saw, was in the hands of the analyst. He 
described that there is sufficient generality in all farms which 
enabled one to use the optimising technique. He added that all farms 
have plans, whether formal or informal; they face physical constraints 
such as land and labour; all farms have institutional or subjective 
restraints which restrict the range of feasible plans available for 
actual operation. Finally, all farms have an objective function of some 
type to be maximised or a goal to be achieved, and have alternative 
enterprises or activities which compete for the use of resources. He 
noted that the contribution from these alternative enterprises, to the 
objective to be optimized could effectively be modelled, using relevant 
weights, which often exist in all economic environments. Thus, he 
concluded that the ability of the analyst in effectively specifying the 
situation under study determine the validity of the model. In fact this 
holds true for all modelling studies in general.
As discussed in the preceeding two Chapters, the problem in hand 
could be effectively specified within a programming framework. The 
ability to consider the choice of alternative technologies (such as 
different cropping patterns) , is considered to be one of the major
restraint used to define minimum or maximum limits of an activity 
in successive time periods.
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advantages of a LP model. The ability of LP to handle both equality 
and inequality constraints, resource transfer betwen activities and 
ability to handle lower and upper bounds, increases the reality of a 
model. Further the Simplex algorithm for solving LP problems provides 
two solutions. One relates to the activities is called the Primal and 
the other relates to the constraints is called the Dual. It can be
shown that the Primal solution implies the solution of it’s Dual or 
vice versa. When one specifies the resource allocation problem in 
quantity terms one can obtain the price solution for resources as the 
Dual. This is conceptually the same as the valuation of resources in a 
competitive economy.
There are a wide range of crops and enterprises which are 
technically feasible in coconut associations. These enterprises could
be combined in different ways to produce an infinite number of
combinations. While it is not possible to consider all the
combinations, nor all of those would be socially acceptable and
feasible. Even if a few of those combinations are to be evaluated to 
identify the profit maximising combinations, within the availability of 
resources, the conventional budgeting techniques would require enormous 
amount of planning time. The National Planning Division of the Ministry 
of Planning, Sri lanka, in fact considered that for such an analysis LP 
as the appropriate analytical tool(Government of Sri Lanka, 1984).
For these reasons and the other advantages of LP discussed earlier 
in this Chapter, LP was considered appropriate for the present planning 
situation. Formulation of the planning model and its underlying 
assumptions are discussed in the preceeding section^.
4.3 The Planning Model
Two basic models are considered. One is a static model aimed at 
obtaining the combination of activities in a cross sectional situation, 
while the other is an intertemporal model extending over a planning 
horizon of ten years. In principle both models are partial optimization
No discussion on the underlying assumptions of the LP techniques or 
its limitations will be discussed here, since it has been extensively 
discussed in variuos texts(e.g.; Baumöl, 1977; Sposito, 1975; Wagner, 
1964
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models. Here we fix the level of some activities namely; lowland rice, 
tea and rubber, as the case may be for each zone, and permit the levels 
of the remaining activities to be decided in the programming process.
In a conventional programming model we define a set of 
constraints, coefficients, and activities and seek to determine the 
bundle of activities which would maximize the stated objetive function. 
By contrast, in the partial optimization approach, we fix the level of 
certain activities and observe the effect on the objective function and 
other resource requirements such as capital, as in the present model.
4.3.1 The Static Model
Rather than start with a clean-sheet, ’tabla-rasa', planning 
situation, this study recognises that the analysis must acknowledge the 
constraints imposed by the history of the farms. Thus here, all the 
multiperiod crop enterprises are considered as established, and, given 
those established enterprises, the model seeks to identify the 
intercrops and other annual crop combinations that maximizes the value 
added in family labour. The multiperiod intercrops are also evaluated 
in the plan but are considered as being fully mature. The area under 
each activity is the principal decision variable considered. The 
planning period is only one year. However, within the planning period, 
distinct seasonal periods are identified and appropriate constraints on 
labour and land allow for the cropping calendar and double cropping of 
rice land.
Maximise: Value Added in Family Labour 
Subject to Constraints:
Farm labour; L 
Farm land ; A 




Maximize ^  i j ^ i j  " ^ m Wij 
Subject to;
^  A±j I A forgiven j 
^  ijLij £ ^ f°r aH  m
ijKij i K for given j 
^.ijWij £ W for a11 m
Cropping Patterns: i = 1,..n, farm j = 1
A^j i 0 for all ij
K^j J 0 for all ij
wij £ ® for aH  ij
Lij I 0 for all ij
A^j = Area in pattern i in farm j,
Aj = Total area in farm j,
= Family labour demand in period m for pattern i 
in farm j.
= Hired labour demand in period m in pattern i 
in farm j.
Decision Variables: Extent cultivated for each activity A^j.
The resource constraints for the model were obtained from the 
survey information discussed in the previous Chapter. The model will be 
repeatedly run with different resource levels to cover the selected
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categories of farms studied in the survey. These resource levels 
represent the resource availability of the modal farms in each size 
category (Table 4.4). Each of these run will be parametized to see the 
sensitivity of the optimum plan for the changes in the objective 
function and the resource restraints.
Table 4-1: Production Activities Considered in the Static Model 
for Different Land Classes of the Mid Country Farms
Land Class Code Activity Activity Code
Lowland A1* Rice Colsl
Coconut Land A2 Coconut Cols2
Tea Land A3* Tea Cols3
Other Upland A6 Manioc Cols6
Local Vegetables Cols7
Banana Cols9
Homegarden A7 Vegetables Cols8




* Activities considered at upper bounds or equality 
levels due to the ongoing long term commitments of 
land and other resources on these activities.
The different activities considered in the model for the two 
agro-ecological zones are given in Tables 4.1 and 4.2 and the basic 
elements of the Tableau of the static model is given in Table 4.3.
^Not all the crops considered in the model were grown in all farms. 
Thus, taking the Mean will be misleading. To avoid this, as suggested 
by Benneke and Winterboer (1976), the Mode was considered instead. In 
several occasions however, Mean and Mode were in a close range.
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Table 4-2: Production Activities Considered in the Static Model for
Different Land Classes of the Low Country Farms
Land Class Code Activity Activity Code
Lowland A1 * Rice Colsl
Coconut Lnad A2 Coconut Cols2
Rubber Land A4* Rubber Cols4
Cinnamon Land A5 Cinnamon Cols5
Other Upland A6 Manioc Cols6
Local Vegetables Cols7
Banana Cols9
Homegarden A7 Vegetables Cols8





* Activities considered at upper bounds or equality
levels due to the ongoing long term commitments of 
land and other resources on these activities.
4-3*2 Intertemporal Planning Model
This model incorporates time into the planning problem. It seeks 
to maximize the present value of the incremental value added in family 
labour by the crop activities in each of ten successive, one year 
planning periods; subject to constraints on land, family labour, 
investment capital and wage labour. The different investment
alternatives considered in the model for different farm holdings are 
shown in Tables 4.5 and 4.6. The area of land associated with each 
alternative i, in each period t, in farm j, is the principle decision 
variable a^^. The "total planning horizon is ten years, which was 
considered to allow all the considered intercrops and the other 
multiperiod crops that are initiated in year one to come to yield 
stability.
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Table 4-3: Schematic Representation of the main Elements of
The Static Model Matrix
c .J $ $ $ $ $ $ $ $ - $ - $ - $  -$ -$ -$
Restraints B Activities
R C R C V B
i 0 u i e a Inter- Labour
c CO bb nn g n crops Transfer







Oct-Nov FL . . . -1
Dec-Jan FL . . . -1
Feb-Mar FL . . . -1
Apr-May FL . . . -1
Jun-Jul FL . . . -1
Aug-Sep FL . . . -1
Intercrop-
Land Transfer -1 1 1
Wage labour- 1
Transfer(6 Rows) 1
(.) Represents the input-output coefficients.
FL refers to Family Labour.
refers to the objective function coefficients.
B is the level of the restraint or the 'B' Column.
The multiperiod model could be roughly described as follows. For 
each period (year) we formulate the static model with the technical 
matrix, the column vector of constraints, and the row vector of value 
added per unit of activity. The periods are linked together by 
transfer activities and flexibility constraints. The Sum of Net Present 
Value(SNPV) of value added on family labour at the end of the planning 
horizon is to be maximized.
The model developed for the present study follows Loftsgard and 
Heady(l959) and Dean and De Benedictis(1964)• The handling of
intercropping activities are as explained in Rae(l977).
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Table 4-4: Resource Constraints of the Modal Farms of Different
Size Classes
Topographical Resource Farm Size(Ha)
Zone Type --------------------------------------------------
Below 0.5* 0.5-1.49 1.5-5-49 5-5-9.49 9.5-20*
Mid Country Lowland 0.17
Cent, land 0.15 




Total Farm Area 0.56
Low Country Lowland 0.18
Cent, land 0.18 
Rubber land 0.00 





Total Farm Area 0.41
(Resource Level Ha.)
0.25 0.49 1 .92 2.02
0.20 0.47 1 .62 1 .72
0.41 0.68 1 .68 6.07
0.27 0.40 0.49 0.00
0.08 0.05 0.08 0.10
5.80 4.05 5-56 4.14
1 .21 2.09 5.79 9.89
0.57 0.81 1 .62 2.51
0.55 0.58 1 .30 5.00
0.00 0.00 1.15 2.25
0.00 0.00 0.00 2.65
0.51 0.47 0.64 0.89
0.27 0.27 0.24 2.15
0.08 0.08 0.06 0.08
5.80 4.17 4.05 5.55
1.56 2.21 4.99 15.49
*These farm size categories were not covered in the programming models.
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Table 4-5: Different Production Activities Considered in the
Dynamic Model for the Low Country
Land Class Code Activity Activity Code
Lowland RL1# Rice TA1
Coconut Lnad RL2 Coconut TA2
Rubber Land RL4# Rubber TA4
Cinnamon Land RL5 Cinnamon TA5
Other Upland RL6 Manioc TA6
Vegetables TA7
Banana* TA8
Homegarden RL7 Vegetables TA7





ft Activities considered at upper bounds or equality 
levels due to the ongoing long term commitments of 
land and other resources on these activities.
* These multiperiod crops were considered as new
projects in the dynamic model whereas, in the static 
situation, were considered as at full maturity.
Table 4-6: Production Activities Considered in the
Dynamic Model for the Mid Country
Land Class Code Activity Activity Code
Lowland KL1 # Rice TA1
Coconut Land RL2 Coconut TA2
Tea Land RL3# Tea TA3
Other Upland RL6 Manioc TA6
Local Vegetables TA7
Banana* TA8
Homegarden RL7 Vegetables TA9




# Activities considered at upper bounds or equality 
levels due to the ongoing long term commitments of 
land and other resources on these activities.
* These multiperiod activities were considered as new 
projects in the dynamic model whereas, in the static 
model these were considered at full maturity.
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The a l g e b r a i c  f o r m u l a t i o n  o f  t h e  model i s  a s  fo l l o w s .
Maxmize P -  i j t V Ai j t  “ ^ m ¥ i j t  + ^ i j t + 1 V Ai j t + 1
C n T i j t  + 1 ..........  i j T V Ai j T  ^ m Wi j T
S u b j e c t  t o ;
Ai j t  — At  f o r  Si v e n  j  ...................  0  )
£ i j t L ? j _ < L t  f o r  a l l  m .................... (2)
^ i o t Ki j t  i  f t for  giveni .................(3)
f o r  a11 m .................  (4)
Ai j t  -  0 for a11 i j t  ......................... (5)
—  0 f ° r  i j t  ............................... (6)
¥i j t  -  0 for a11 i j t  .........................  (7)
 ^ ^or iJ"t ...............................  (8 )
Where A —^ i s  t h e  l e v e l  o f  a c t i v i t y  i n i t i a t e d  i n  y e a r  t ;  V — ^
i s  t h e  v a l u e  added i n  l a b o u r  p e r  u n i t  o f  a c t i v i t y  a ^ j  i n i t i a t e d  i n  y e a r  
t ;  W —^ i s  t h e  h i r e d  l a b o u r  u se  f o r  a c t i v i t i e s  a — i n  y e a r  t ;  1 , 2 , 3  and 
4 r e s p e c t i v e l y  a r e  l a n d ,  f a m i l y  l a b o u r ,  c a p i t a l  and wage l a b o u r  
r e s t r a i n t s  f o r  each  y e a r ;  5 , 6 , 7  and 8 a r e  non n e g a t i v i t y  r e s t r a i n t s .  
The s c h e m a t i c  r e p r e s t a t i o n  o f  t h e  b a s i c  m a t r i x  o f  t h e  i n t e r t e m p o r a l  
model i s  g iv e n  i n  T a b le  4 . 6 .  The sub m a t r i c e s  A to  J  r e p r e s e n t s  t h e  
i n p u t - o u t p u t  c o e f f i c i e n t s  f o r  t h e  a l t e r n a t i v e  e n t e r p r i s e s ,  which a r e  
somewhat s i m i l a r  to  t h o s e  o f  t h e  s t a t i c  model ,  a l t h o u g h  n o t  i d e n t i c a l  
due to  y e a r  to  y e a r  changes  i n  t h e  m u l t i p e r i o d  e n t e r p r i s e s .  TR1 to  
TR10 d e n o t e s  a l l  t h e  r e s t r a i n t s  i n c l u d i n g  l a b o u r  t r a n s f e r  i n  each  
p l a n n i n g  y e a r  f o r  d i f f e r e n t  s u b - p e r i o d s  and th e  f l e x i b i l i t y  r e s t r a i n t s
r
on t h e  m u l t i p e r i o d  e n t e r p r i s e s  .
r
See s e c t i o n s  4*3 and 4.5*
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Table 4-7: Schematic Representation of the Main Elements of the
Dynamic Model Matrix
Cj $ $ $ $ $
Restraints B Year 1 Year 2 Year 3 • . Year 9 Year 10












Basically two types of activities were included in the model.The 
principal activities were the crop production activities, while the 
others being transfer activities to control resource transfers within 
the model^.
^Refer to Table 4.2
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4.3.3.1 Production Activities
Altogether, there were 20 activities, out of which 13 were 
production activities. As seen in Table 4.2, these included five 
intercropping activities. Except for four activities, namely: rice, 
manioc, vegetables and manioc production under coconuts, all the other 
activities were multiperiod. The only multiperiod crop which needed to 
be renovated during the planning period were bananas, which had a life 
span of four years.
4.3.3.2 Transfer Activities
The transfer activities were defined to control the transfer of 
wage labour within the model. Though a separate transfer activity could 
have been defined for intercrop land transfer, it was more efficiently 
handled within the coconut production activity by placing a negative 
coefficient in the row controlling intercrop land transfer.
4.3.4 General Characteristics of the Models
Apart from the flexibility constraints required to link successive 
time periods in the intertemporal models, the two basic models had 
several similarities. The common features of the two models are 
described below.
4.3.4.1 Land Constraints
As seen in Table 4.4 most of these smallholder farms had seven 
classes of land. While the land classes 1,3 and 4 had already 
established permanent enterprises, namely: rice, tea and rubber, land 
classes 5, 6 and 7, were generally put into temporary uses, and thus 
available for alternate uses. Class two lands were under coconut 
cultivation and each unit of adult coconut land contributed 0.75 units 
of land for intercropping activities. Five alternate activities were
o
defined for intercropping, and the unit of activity was one ha. The 
resource levels for the models as seen in Table 4.4 are based on the 
modal farms of each size category of holdings.
g
Since only 0.75 ha of land were available for intercroping from each 
ha. of coconut land, the input-output coefficients and the objective 
function coefficients in respect of the intercropping activities were 
on the basis of 0.75 ha. of pure crop for each activity.
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Initial levels of the intercropping land was zero and
intercropping land was made available through the coconut activity.This
qcauses the coconut activity to be forced into the optimum plan .
In this partial optimization model, it was necessary to define the 
predetermined activities, such as, rice, tea, and rubber at the upper 
bounds of the available land in each relevant land class. This was
handled by defining those activities at the equality level in the 
static model, and in the case of the multiperiod model, it was handled 
by defining lower limits for each activity concerned, at the upper 
levels of the resource (land) supply.
4.3.4.2 Family Labour Constraints ’ .
The cropping patterns in the area are influenced by the annual 
rainfall distribution. As discussed in Chapter 3 one could define a 
crop calendar based on the rainfall distribution. Accordingly, the
labour demand fluctuates in different times of the year with peaks 
during certain times of the year. In order to reflect these within year
fluctuations of labour demand, six subperiods were defined for each
year in the model. Upper limits for the available family labour were 
based on the PFL figures discussed in Chapter 3 (Section 3.3) for each 
size class of holdings. The unit of activity is Adult Male 
Equivalents(AME). It was assumed that, the farm family works for 26 
days a month, 8 hours a day^ . Family labour inputs were not costed, 
but act as constraints on enterprise levels. For example, certain 
enterprises may not be activated with wage labour, due to cost at which 
wage labour is brought into the plan.
q7Since the coconut areas have already been established, the coconut 
activity also needed to be defined at the upper level of the available 
land for coconut, as was done for tea and rubber. Defining an activity 
at equality or upper levels causes the program to suppress certain 
output on shadow prices etc., and also makes the program more prone to 
infeasible solutions due to the rigidity of the specifications. 
Therefore, it was advisable to limit such specifications to the 
essential ones. Since the initial runs indicated that the coconut 
activities generally enter the plan at the upper levels due to the 
higher returns from the intercropping activities, the upper level 
restriction was not imposed.
'10In practice, however, farmers work longer than 8 hours during the 
peak periods and may not work all of 26 days a month. These figures 
were used with this understanding, in order to bring family labour to a 
comparable base with wage labour
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4.3*4.3 Wage Labour Constraints
The model assumes that the farm labour requirement is basically 
satisfied within the availability of the family labour. In the event 
that the available family labour is not sufficient to meet the total 
requirement, (as in the case of larger holdings) the access to wage 
labour is permitted through a transfer function, at a cost equivalent 
to the minimum daily wage. The unit of activity is one labour day, 
equivalent to 8 hours of adult male labour.
The upper limits for wage labour are quite arbitrary. They 
actually perform an accounting function in the model. It was assumed 
that, the larger holdings have better access to wage labour, since they 
may be having some regular casual employees. The labour availability in 
different subperiods in a planning year are influenced by the 
activities in each period. A lower figure for the busy periods was to 
reflect the demand for labour by all farmers, and the reduced 
availability of farm labour due to most of them being engaged in their 
own work, during the peak season. This was due to the fact that, apart 
from few regular casual labourers, most of the wage labour come from 
the farm families in the lower end of the farm size distribution. 
Since they need only relatively less amount of labour for small area of 
land they possess, they hire out their excess labour to the farms in 
the upper end of the size distribution, who have relatively large areas 
of land but deficient with labour. Because of these fluctuations of 
the demand and supply of wage labour, different wage rates were also 
used during different periods of the year.
4.3*4.4 Capital and Maintenance Cost Restraints
Capital in these models refer to both capital and maintenance 
costs and thus include all the cash outlays in the farm, excepting 
family living expenses. The upper levels of the capital constraints 
are also arbitraraly defined. These restraints also perform an
accounting function in the model. The idea was to see the levels of 
capital needed to carry out the optimum plan, given the limitations of 
land and labour. This will be discussed in detail in the next Chapter, 





Figure 4-1: A Schematic Representation of the Crop Calendar
and the Rainfall Distribution in the Study Area
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These were required to define linkages in activities in successive 
time periods of the planning horizon. These were basically minimum 
type of constraints to ensure that any of the multiperiod activities 
activated in the initial time period are carried over to the subsequent 
time period until the activity need to be renovated or replaced. To 
illustrate the function of these constraints, a relevant portion of the 
matrix is reproduced below in Table 4*7.
Table 4-8: Illustration of the Role of Flexibility Constraints
Year 1 Year 2
!B j 1TA8 ! 1TA9 | 1TA10 j | 2TA8 | 2TA9 i 2TA10| 2TA11
Y ii R01 ! o ! 1 11 ii
e ii R02 j o  i ! 1 ii
a ii R03 j o  j ii ! 1
r ii R04 | o  I ii ii
1 ii R05 j o  j ii ii
Y ii R1 1 j o  j ii ii
e ii R12 j o  j ii ii
a ii R13 j o  j ii ii
r ii R14 j o  j ii ii
2 ii R15 j o  j ii iiiiii
R21 j o  i








The restraints R01 through R85 impose limits on the extent to 
which certain of the activities can change from one year to another. In 
case of coffee, cinnamon and pepper, if the activity was activated in 
the initial year, it would be carried over until the end of the 
planning horizon. Whereas, for banana, the model can either renovate 
banana every four years, or, discontinue banana at the end of the first 
four year period and select something else in its place.
The activity level 2TA8, must be equal to or greater than that of 
1TA8. This is brought about by the -1 in column 2TA8 in row R01 . When 
-1 is transposed to the B column side of the equation, they become 
positive, and as a result capacity for 2TA8 to enter the plan is
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generated. This is equally true for activities TA10,TA11,TA13, AND 
TA14 in each planning year.
4.3.4.6 Technical Matrix and the Objective Row
The coefficients of the technical matrix and the yield levels are 
based on standard management practices. Those may not strictly reflect 
farmer conditions, but included to serve the planning needs. This 
aspect also will be discussed in the next Chapter.
The prices and the wage rates are based on those of 1982, and the 
average farm level prices are considered. Though the wage rates 
actually vary depending on the job, to avoid the complexity of the 
matrix, except for the cinnamon peelers, who perform a specialised job, 
only the seasonal variability of the labour charges were considered.
4.3.4.7 Differences in the Models
There are a few basic differences between the dynamic and the 
static models. The static model while considering an undiscounted 
objective function, all the activities associated with the multiperiod 
crops are for established stands in mature yielding stages. Since there 
is no time consideration the static model does not have any flexibility 
constraints.
The basic difference in the dynamic model is the incorporation of 
the time element and consequent discounting of the objective row. The 
values of the objective row were discounted at 12? at the end of each 
year11. Secondly, all crop activities except for tea, rubber, coconut 
and monoculture cinnamon, are assumed to be originated at the first 
year of the planning horizon. A ten year planning period was considered 
so that any crop initiated in year one, will come into full production 
during the planning horizon and thus, could be compared to each other. 
While no terminal values for any of the crops are considered in the 
static model, all enterprises that are established during the planning 
period are given a terminal value in the dynamic model. Since no 
initial value is given to other crops they are also not valued at the 
end of the planning horizon.
11 The selection of this discount rate is considered later.
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4*3*5 The Objective Function
It was indicated earlier, that the objective function selected was 
the value added in family labour, from the cropping activities. 
Generally, the objective function selected for similar studies is 
either the gross margin, or the net revenues. However, the selection 
of the present objective function was due to two reasons.
First there was no information available on farm consumption 
expenditure and the proportions of onfarm consumption of the farm 
products. Secondly if one were to calculate the profits or gross 
margins, one needed to cost family labour inputs and no reliable way of 
calculating appropriate shadow prices was available. Such shadow price 
information would be a by product of the analysis. Furthermore, since 
the farm family is the decision making unit, the producers and the 
consumers, it was considered that value added to family labour was the 
appropriate objective function.
Having decided on the objective function, the next problem was to 
select an appropriate discount rate to reflect family time preferences. 
This again is an issue subject to much discussion. One possibility was 
to select the current(1982) interest rate on agricultural development 
finance. This varied from 12-16$, depending on the lending agency and 
the purpose for which the loan was taken. This also included an element 
of inflation. While the loans available at 12$ interest were subsidised 
by the state, and were discounted of the inflationary elements, it was 
considered an appropriate rate of discount for the present analyses. 
Furthermore, this was backed by the use of the same discount rate (12$) 
for similar analyses by others(E.g, DMEC, 1981).
Basically there are two approaches to specifying the objective 
function in an multiperiod LP model. Discounting can be done exogenous 
to the model, which came into use after Dean and de Benedictes (1964), 
or, it can be incorporated to the model. The prime advantage of the 
latter being the ease with which alternate discount rates can be 
considered. The former allows one to investigate the effects of changes 
in the objective function (either prices or output levels) on the 
optimal solution, using parametric programming routines.
The exogenous calculation of the present values of the activities 
at the end of each year was prefered in the present study due to its
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relatively less complex nature and also to enable the use of the 
postoptimality procedures on the objective function.
Programming results of the above planning models evaluated for the 




The programming results of the two models are discussed with 
reference to different levels of resource constraints. Initially the 
resource levels are set at those found in the most widely occuring farm 
size category and then the land constraints are changed to see the 
effect on the optimal plan. The capital constraints are also changed
accordingly to avoid the problems of non-feasible solutions. Later the 
sensitivity of the plans are examined by the use of parametric routines 
and the range analysis on selected model variables. Similar approach is 
followed for the dynamic model, and the differences in the optimum plan 
are discussed.
The discussion aims to highlight the following aspects:
- the extent of utilization of family labour;
- utilization of wage labour and its relation with the size of 
the holding;
- variation in the capital requirements of optimal plans in 
relation to the topographical zone and the size of the 
holding;
- shadow prices on resources and their relevance to the 
planning situation;
- changes in the optimal plans for changes in the objective 
function and the resource constraints.
5.1 The Programming Package
The two linear programming models were run in the linear
programming mode of the Functional Mathematical Programming 
Systems(FMPS) package available on the University’s Univac 1100 series 
computer. The package has a capacity to handle a very large matrix and 
also has several procedures that enable one to obtain detail output 
reports. It allows parametising both the objective function
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coefficients and the resource constraints either simultaneously or 
separately. It also produces a range report which makes more useful 
the interpretation of the shadow prices, by providing estimates of the 
range over which the shadow prices are relevant.
The details of the program output could be controlled as desired 
by the user, and procedures are available to obtain output to check the 
accuracy of the input data, and also to modify or to revise the initial 
matrix.
5.1.1 The Solution Output
The standard FMPS solution output is prepared in two chapters. The 
first, the rows chapter, contains information by each row, while the 
second, the column chapter, contains information on the columns. Each 
solution has a primal and a dual solution, both of which are contained 
in the reports. The primal solution refers to the activities and the 
dual relates to the constraints associated with each activity. Each 
report contains ten columns of information, including variable names, 
activity levels, slack activity levels, lower and upper limits, dual
activities or the shadow prices. The terminology used in the output 
report is based on a cost minimization framework and in applications 
for maximization problems, the terminology needs to be properly
interpreted.
One page of output from the standard solution report for the 
static model is reproduced in Appendix B. The column labelled ACTIVITY 
indicates the level of the activity in the program whose name appears 
in column 2, labelled NAME. Entries are made for all restraints and 
transfer rows, and in general, indicates how much of the original B 
column value( indicated in the UPPER LIMIT column) was used in the 
production process.
The shadow price"1 or the marginal productivity of the limiting
resources are given under DUAL ACTIVITY. This indicates the change in 
the value of the solution which would result from one less unit of
restraint resource) than in the original level. The other two columns, 
INPUT COST and REDUCED COST are relevant only when the slack variables
^Interpretation of the shadow prices in LP solutions will be 
discussed later.
87
are priced and objective function coefficients are attached to them in 
the model specifications. Otherwise the REDUCED COST column merely 
reproduces the objective function coefficient for the limiting 
resource.
Information on the levels of the real activities are given in the 
section two of the solution output. Similar to section 1, the activity 
levels are printed under a column labelled ACTIVITY. The column INPUT 
COST only repeats the objective function coefficient of the column. The 
LOWER and UPPER LIMIT columns contain meaningful entries only when the 
bounds are defined for activities.
The REDUCED COST column shows the income penalties associated with 
forcing into optimum plan one unit of activity, which are not included 
at present.
The above discussion indicates that the standard output of the 
FMPS for LP problems is comprehensive enough for one to meaningfully 
understand the solution to the problem.
5.2 Results of the Static Model
As mentioned in Chapter 4, each model was run repeatedly with 
varying resource levels to incorporate the differences in the resource 
endowments (basically land) in the various farm size groups encountered 
in the field study. Since the study area was considered to be under 
two topographical zones; low country and mid country, the model was run 
with a different set of activities for each zone. The differences in 
the activities were the cultivation of tea largely in the mid country, 
and cinnamon was grown only in the low country. Though a few farms in 
the mid country had some areas under rubber, it was not a viable 
enterprise. Therefore, rubber cultivation was considered only in the 
larger sized holdings of the low country. Few large holdings at the 
border of the two zones had both tea and rubber, while farms smaller 
than 0.5 ha had neither tea nor rubber.
Farm holdings larger than 9.5 ha used only hired labour for farm 
operations, and hence the specified objective function was not relevant 
for those farms. As previously discussed, these two categories were
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pexcluded from the programming component .
Initially, the model was run with the resource levels of the modal 
farms in the predominant size category (0.5 - 1.5 ha) of holdings, 
representing 4Q% of the sampled farms(Table 3.7). The results of the 
initial optimal solution is discussed first.
5.2.1 Solution to the Lower Farm Size Formulation
This solution refers to the model farms with a total land area of 
1.36 ha. for the low country and 1.21 ha. for the mid country. At this 
farm size range the labour endowments in the two zones were similar and 
198.00 Adult Male Equivalents (AME) were considered per period. The 
initial level of capital was set at Rs. 4,000 for the low country and 
Rs. 4,500 for the mid country formulation.
The optimal solution to the low country formulation had a value of 
Rs. 19,721, giving a return of Rs. 14,500 per ha. of farm land. The 
optimal solution to the mid country formulation carried a value of 
Rs .24,897 which gave an average return of Rs. 20,576 per hectare of
farm land. The difference in the value added for the two formulations
was mainly due to the extra returns available from tea in the mid
country farms. As seen in Table 5.1 the low country farms had a
relatively large area under coconuts and hence under intercrops.
However, the contributions from these and cinnamon to the objective 
function were not sufficient to offset the contributions from tea in 
the mid country.
Pepper was the only intercrop selected in both zones, while banana 
and vegetables were selected for the upland^ and homegarden.
All the available capital was used in the plan in both zones. More 
than two thirds of the available family labour however, was left 
unused. Thus, wage labour was called in only for cinnamon peeling in 
the low country situation, amounting to 24.8 units.
The shadow price for capital was Rs. 1.67, for both zones and the
^This exclusion does not affect the validity of the model to the 
smallholder farms in the district, since those excluded consisted of 
only 2.5 percent of the surveyed farms.
^In these models 'upland' refers to the highland area of the farm 
excluding homegarden, where the non-permanent crops are cultivated. 
This is often refered to as 'chena' in literature.
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Table 5-1: The Optimum Combination of Enterprises for the
Static Model: Lower Farm Size Formulation
Topographical Land Class* Crop/Enterprise 
Zone
Level of Activity 
(Ha)
,ow Country
Lowland A1 Rice 0.37
Coconut Land A2 Coconut 0.33
Cinnamon Land A5 Cinnamon 0.31
Chena/Upland A6 Vegetables 0.21
Banana 0.06
Homegarden A7 Vegetables 0.08
Intercrop Land A8 Pepper 0.33
did Country
Lowland A1 Rice 0.25
Coconut Land A2 Coconut 0.20
Tea Land A3 Tea 0.41
Chena/Upland A6 Vegetables 0.10
Banana 0.16
Homegarden A7 Vegetables 0.08
Intercrop Land A8 Pepper 0.20
applicable range of this shadow price was also the same for the two 
situations, however, with a relatively low lower and upper limits in 
the case of mid country. It appeared that, had the capital constraint 
been relaxed over and above Rs. 5,000, the the low country model would 
have used Rs 5,093, while the mid country model using only Rs. 5,039. 
Use of capital beyond these levels reduced the Marginal Value 
Product(MVP) of capital to zero, suggesting that such an increase would 
be irrational.
For instance, when the capital level of the low country
formulation was raised from Rs. 3,500 to Rs. 5,750 in Rs. 500
increments by parametizing the capital row, the vegetable growing
activity in the upland dropped gradually from the optimum plan and was
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replaced with banana, the level of which was finally incremented to the 
upper limit of the land restraint, for upland. The effect on the 
objective function from these changes however, were not sufficient to 
warrant this increased use of capital. Thus, the optimal plan at a 
capital level of Rs. 4,500 was the most acceptable both in terms of the 
activity mix and the returns to capital(Table 5.2).
The intercropping activity, pepper, however, was stable over the 
entire range of capital considered, and also upto about 30$ reduction 
in the objective function, beyond which banana was brought into the 
plan.
The effect of changing the capital restraint on the value of the 
program and the activity mix for the low country formulation is 
summarised in Table 5.2.
The mid country formulation behaved somewhat similarly to the low 
country model as the capital restraint was changed, but in different 
magnitudes due to the differences in the land endowments.
5.2.2 Static Model Results for the Larger Holding Size
The model was run for the larger holding size with the same 
activities used for the smaller farm size formulation. The only 
difference was the addition of rubber to the low country formulation, 
at the larger farm size. The low country model had a farm area of 4.99 
ha and 211 AME’s of family labour per period. Initially the model was 
evaluated with a capital level of Rs. 15,000 The optimal plan carried a 
value of Rs. 76,056 as value added on family labour. The average return 
per ha of land was Rs. 15,242. The enterprise composition of the 
optimal plan was basically similar to that of lower holding size apart 
from the exogenously defined rubber in the low country model (Table 
5.3).
The mid country model farm was 5.79 ha and the family labour 
availability was 185 AME’s. A capital level of Rs. 21,000 was required 
to bring all the coconut land under intercrops and to cultivate the 
other upland areas. The value of the optimal plan at this resource 
level was Rs. 112,170, which gave an average return of Rs. 19,373/ha.
The enterprise mix in the optimal plans for the two zones were 
different by having manioc as an upland crop in mid country.
The other notable difference between the optimal plans for the two
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Table 5-2: Effect of Changing the Capital Restraint on the
Enterprise Mix and the Value of the Program





Low country Rice 0.37 0.37 0.37 0.37 0.37
Coconut 0.33 0.33 0.33 0.33 0.33
cinnamon 0.21 0.31 0.31 0.31 0.31
Local Vegetables 0.27 0.21 0.11 0.02 -
Banana - 0.06 0.16 0.25 0.27
Vegetables(Homegdn.) 0.08 0.08 0.08 0.08 0.08
Pepper(Intercrop) 0.33 0.33 0.33 0.33 0.33
Value of the
Program 18953 19720 20556 21392 21549
MVPk 1.86 1.67 1.67 1.67 0.00
zones were in respect of the use of labour and capital. While the low 
country model had excess or unused family labour in the optimal plan, 
the mid country model exceeded the family labour supply and part of 
wage labour were also brought in. However, the extra demand for
financial resources created by the use of paid labour caused the model 
to leave whole of the homegarden and part of chena land uncultivated.
5.2.2.1 Sensitivity of the Optimal Plans
This discussion is based on the information gathered from the 
range analysis and the shadow price data from the results of the 
parametric runs of the static models.
The effect of changing the capital availability on the optimal
plan is examined first. As the level of capital in the mid country
formulation was increased all the chena, but the homegarden was brought
into the plan with manioc been gradually replaced by banana. However,
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Table 5-3:: The Optimal Enterprise Mix 
Upper Farm Size
for the Static Model: 
Formulation
Topographical Land Class Crop/Enterprise Level of Activity
Zone (Ha)
Low Country
Lowland A1 Rice 1.62
Coconut Land A2 Coconut 1.13
Cinnamon Land A5 Cinnamon 0.64
Chena/Upland A6 Vegetables 0.01
Banana 0.23
Homegarden A7 Vegetables 0.06
Intercrop Land A8 Pepper 1.13
Mid Country A1 Rice 1 .92
Coconut Land A2 Coconut 1.62
Tea Land A3 Tea 1.68
Chena/Upland A6 Vegetables 0.10
Banana 0.16
Homegarden A7 Vegetables 0.08
Intercrop Land A8 Pepper 1.62
even at a capital level of Rs. 22,500 the homegarden was not entered 
into the plan, while further increase in capital did not change the 
activities or the value of the plan. Over the capital range 
considered, the intercropping activity remained unchanged.
As mentioned in Chapter 4; section 3.4, this behaviour of the 
model was due to the insufficient availability of family labour in the 
upper farm size of mid country, while the activities associated with 
the homegarden are not profitable to be carried out with hired labour. 
The implication of this will be discussed in the next Chapter.
In the low country formulation increasing capital beyond the 
original level of Rs. 15,000 resulted in dropping the vegetable 
growing activity in the upland or chena, in place of banana. The
93
marginal changes in the value of the program however, did not warrant 
the addition of capital. Capital levels beyond Rs. 15,075 resulted in 
no marginal increase in the objective function.
Having capital below Rs. 13,809 made some of the farm areas 
unutilized. The maximum value for the program (Rs. 76,181) was at a 
capital level of Rs. 15,075. This information was available directly 
from the range report for the initial optimal plan.
5.3 Solution to the Dynamic Model
The dynamic model involved a ten year planning horizon with each 
year subdivided to six periods. Perennials introduced in year one 
’grow’ to maturity and also have a terminal value at year 10. The 
solution was obtained for an objective function discounted at 12^ at 
the end of each year. Similar to the static model, this model was also 
evaluated separately for the two zones and the two selected farm sizes 
with only minor changes in the activity list and proportionate changes 
in the capital levels to suit the changes in farm size.
5.3.1 Initial Solution to the Lower Farm Holding Size
As seen in the static model analysis, there were few differences 
in the alternative activities evaluated in the model for the two zones. 
Thus separate formulations were made for the two zones in each farm 
size level and solutions obtained.
5.3.1.1 Low Country Formulation
The Model was optimized for the low country formulation, with an 
initial capital level of Rs. 5,000 and 1.36 ha. of farm land. The 
family labour availability was 198.00 AME’s per period.
The optimal program had a Net Present Value(NPV) of Rs. 86,422 and 
therefore an average return of Rs. 6,355 per hectare per year. The 
model brought all the land under cultivation except that of cinnamon in 
all years of the planning period. This was due to capital being binding 
in the 5th and the 9th year. The composition of the optimal activity 
mix for the initial capital level is given in Table 5.4.
It is seen in Table 5.4 that apart from rice the level of which 
was exogenously defined, the levels of coconut, cinnamon, homegarden 
vegetables and intercrop pepper were also stable throughout the
planning horizon. Banana and manioc activities however, were quite 
sensitive to the capital level and their levels in the program were 
subjected to change over the planning horizon. Manioc being an annual 
crop, was to occupy land whenever multiperiod crops cannot be included 
in the plan due to limitations in capital in some years of the model. 
Except in year 5, whole of coconut land were used for intercrops. In 
year one through year 8, the intercrop pepper occupied the coconut area 
at a level of 0.17 ha while banana occupied the balance 0.16 ha of 
intercroppable land. However, in the 5th year the banana activity was 
not rejuvenated fully, and some areas previously occupied by banana was 
left idle. In the sixth year through 8th year this area were assigned 
to manioc, while banana entered the plan at the previous level of 0.16 
ha in the 9th and the 10th year. It is evident from Table 5.4 that 
manioc is brought into the plan whenever the available capital is not 
sufficient for banana.
Table 5-4: The Optimal Enterprise Mix for the Low Country







7 8 9 10
Rice 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37
Coconut 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
Vegetables 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Banana 0.25 0.25 0.25 0.25 - - - - 0.27 0.27
Manioc(i) - - - — 0.03 0.03 0.03 0.03 - -
BananaCi) 0.16 0.16 0.16 0.16 0.13 0.13 0.13 0.13 0.16 0.16
Pepper(i) 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Note: (i) indicates the intercropping activities.
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5 - 3 - 1 - 2  Mid C oun t ry  F o r m u l a t i o n
For t h e  mid c o u n t r y  f o r m u l a t i o n  th e  b a s i c  d i f f e r e n c e  i n  t h e
r e s o u r c e  a v a i l a b i l i t y  was t h e  r e l a t i v e l y  s m a l l  s i z e  o f  t h e  r i c e  and 
coc o n u t  componen ts .  A c t i v i t y  s e t  was d i f f e r e n t  i n  t h a t  t h e  low c o u n t r y  
model had cinnamon b u t  t h e  mid c o u n t r y  model s  had t e a  i n  i t s  p l a c e .  The 
l a b o u r  a v a i l a b i l i t y  was 198 AME's p e r  p e r i o d  and c a p i t a l  was i n i t i a l l y  
s e t  a t  Rs.  5 , 0 0 0 .  T o t a l  a r e a  o f  t h e  farm was 1.21 h a .
The o p t i m a l  p l a n  c a r r i e d  a Net P r e s e n t  Value(NPV) o f  Rs. 124,594  
g i v i n g  an a v e r a g e  r e t u r n  o f  Rs.  10 ,280  p e r  h e c t a r e  p e r  y e a r .  U n l ike  i n  
the  low c o u n t r y  s i t u a t i o n ,  t h e  farm a r e a  n o t  e n t e r e d  th e  p l a n  was o n ly  
0.01 h a .  i n  y e a r  5» The a c t i v i t y  mix f o r  t h e  o p t i m a l  p l a n  i n c l u d e d
s e v e r a l  o f  t h e  a c t i v i t i e s  e v a l u a t e d  i n  t h e  model .  S i m i l a r  to  t h e  low 
c o u n t r y  f o r m u l a t i o n ,  banana  i n t e r c r o p p i n g  a c t i v i t y  was n o t  s t a b l e  
t h r o u g h o u t  t h e  p l a n n i n g  p e r i o d .  I t  was a t  a l e v e l  o f  0 .0 5  ha .  i n  y e a r  
one t h r o u g h  y e a r  e i g h t ,  and i n  y e a r  9 o n l y  0.01 h a .  were r e j u v e n a t e d ,  
which was c a r r i e d  o v e r  u n t i l  y e a r  10.  The a c t i v i t i e s  i n  t h e
u p l a n d / c h e n a  were a l s o  v a r i e d  i n  d i f f e r e n t  y e a r s  d u r i n g  th e  p l a n n i n g
p e r i o d .  The homegarden  v e g e t a b l e  growing  a c t i v i t y ,  however ,  was s t a b l e  
t h r o u g h o u t .  The i n i t i a l  o p r t i m a l  p l a n  f o r  t h e  mid c o u n t r y  f o r m u l a t i o n  
i s  summarised i n  T a b le  5*5»
5 .5*2  U t i l i z a t i o n  o f  R e s o u r c e s  i n  t h e  Model
A l a r g e  p r o p o r t i o n  o f  f a m i l y  l a b o u r  was l e f t  unused  i n  t h e  p l a n s  
f o r  b o th  z o n e s .  No wage l a b o u r  was t h e r e f o r e  r e q u i r e d .  The t o t a l
c a p i t a l  s u p p ly  was used  i n  y e a r s  1 , 5 , 5  and 9 i n  b o th  t h e  low c o u n t r y  
and th e  mid c o u n t r y  f o r m u l a t i o n s .  The t o t a l  c a p i t a l  use  i n  t h e  low 
c o u n t r y  model  was Rs. 44 ,165  o v e r  t h e  t e n  y e a r  p e r i o d ,  w h i l e  t h a t  o f  
t h e  mid c o u n t r y  was Rs. 4 4 ,2 1 4 .  When compared w i t h  t h e  t o t a l  farm a r e a  
t h e  a v e r a g e  c a p i t a l  use  p e r  h e c t a r e  p e r  y e a r  f o r  t h e  two f o r m u l a t i o n s  
were Rs.  5 ,247  and Rs. 5 ,6 5 4  f o r  low c o u n t r y  and mid c o u n t r y  
r e s p e c t i v e l y .
The r e l a t i v e l y  h i g h e r  c a p i t a l  r e q u i r e m e n t  f o r  t h e  mid c o u n t r y  
farms was m a in ly  due to  t h e  h i g h e r  c a p i t a l  demand f o r  t e a  i n  t h e  mid 
c o u n t r y .
U t i l i z a t i o n  p a t t e r n  o f  c a p i t a l  i n  t h e s e  models  o v e r  t h e  p l a n n i n g  
p e r i o d  i s  g i v e n  i n  F i g u r e  5*1.  I t  i s  s e en  i n  F i g u r e  5.1 t h a t  a l a r g e  
p r o p o r t i o n  o f  farm income need to  be d i v e r t e d  f o r  m a i n t a i n i n g  the  c rop
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T a b le  5 - 5 :  The Optimal  E n t e r p r i s e  Mix For  t h e  Mid Count ry
F o r m u l a t i o n :  Lower Farm H old ing  S i z e
P l a n n i n g  Year
A c t i v i t y  --------------------------------------------------------
1 2 3 4 5 6
Leve l  o f  A c t i v i t y ( H a )
7 8 9 10
Rice 0 .2 5 0 .2 5 0 .25 0 .25 0 .2 5 0 .25 0 .2 5 0 .25 0 .25 0 .2 5
Coconut 0 . 2 0 0 . 2 0 0 .2 0 0 .2 0 0 .2 0 0 .2 0 0 .2 0 0 .2 0 0 .2 0 0 .2 0
Tea 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41 0.41
Manioc 0.01 0.01 - 0.01 0 .2 2 0 .2 2 0 .2 2 0 .2 2 - -
V e g e t a b l e s 0 .0 8 0 .0 8 0 .0 8 0 .0 8 0 .0 8 0 .0 8 0 .0 8 0 .0 8 0 .0 8 0 .0 8
Banana 0 .2 6 0 .2 6 0 .2 6 0 .2 6 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .2 7 0 .2 7
P e p p e r ( i ) 0.1 9 0.1 9 0.1 9 0.1 9 0.1 9 0.1 9 0.1 9 0 .1 9 0.1 9 0.1 9
Note:  ( i )  i n d i c a t e s  t h e  i n t e r c r o p p i n g  a c t i v i t i e s .
mix. T h i s  i s  p a r t i c u l a l y  t r u e  i n  the  e a r l y  e s t a b l i s h m e n t  phase  o f  the  
m u l t i p e r i o d  i n t e r c r o p s .
5 . 4  Dynamic Model R e s u l t s  f o r  t h e  Farms o f  t h e  Upper  S i z e  C l a s s
There  was no d i f f e r e n c e  from t h e  model s p e c i f i c a t i o n s  f o r  t h e  
low er  s i z e  f a rm s  b o t h  i n  r e s p e c t  o f  t h e  a c t i v i t i e s ,  c o e f f i c i e n t s ,  and 
th e  t y p e s  o f  l a n d  i n c l u d e d  i n  t h e  model .  The d i f f e r e n c e s  were i n  t h e  
u p p e r  l i m i t s  o f  t h e  l a n d  r e s t r a i n t s  and th e  f a m i l y  l a b o u r  a v a i l a b i l i t y .  
The c a p i t a l  r e s t r a i n t  was a l s o  changed p r o p o r t i o n a t e l y  w i th  t h e  change 
i n  farm s i z e .
5 .4 .1  I n i t i a l  S o l u t i o n  to  t h e  Low C oun t ry  Model F o r m u l a t i o n
In  t h e  low c o u n t r y  f o r m u l a t i o n ,  t h e  t o t a l  farm a r e a  was 4 .9 9  ha 
and th e  f a m i l y  l a b o u r  a v a i l a b i l i t y  was 211 AME' s p e r  p e r i o d .  C a p i t a l  
was i n i t i a l l y  s e t  a t  Rs.  1 6 , 0 0 0 / y e a r .  Rubber  p r o d u c t i o n  a c t i v i t y  was 
added to  t h e  l i s t  o f  a l t e r n a t i v e s  c o n s i d e r e d  i n  t h e  lower  farm s i z e  
f o r m u l a t i o n s  and i t s  l e v e l  i n  t h e  p l a n  was e x o g e n o u s ly  d e f i n e d  a t  t h e  
u p p e r  l e v e l  o f  t h e  a v a i l a b l e  l a n d  f o r  r u b b e r .
CL ID ü_ LU LU CO 
CL Ixl CL 
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Figure 5-1: Capital Utilization Pattern and Returns from Farm




The optimum plan for these resource constraints had a NPV of Rs. 
316,823, which gave an average return of Rs. 6,249 per ha. of farm land 
per year. Except for cinnamon which did not enter the plan in any of 
the years, the only other land type which did not get used up in the 
plan was the upland/chena in the 5th year of the planning horizon. 
However, all the available land in the model were brought in to the 
optimal plan over the rest of the planning horizon.
Pepper entered the plan as an intercrop at a fixed level of 0.57 
ha, over the entire planning period. For the first five years the 
intercrop banana entered the plan at a level of 0.73 ha, but was not 
rejuvenated in the plan, in the 5th year. The land area previously 
occupied by banana was left idle in year 5, and was assignd to manioc 
in the next three years. Again in the 9th year all the coconut land
were brought under multiperiod intercrops, with banana and pepper being 
selected. The principal limiting resource which forced the plan to 
change these intercrops was the available capital.
The upland/chena crop-mix was also varying during the planning 
horizon, with banana and manioc being activated at different levels in 
different years. Table 5.6 summarises the initial optimal plan for the 
entire planning period.
The plan had excess family labour, and no wage labour was thus
brought in. However in the 5th year entire chena area was not
14cultivated due to the capital restraint being binding .
5.4.2 Initial Solution to the Mid Country Formulation
For the dynamic model, the mid country formulation at the large 
farm size level had similar land and labour restraints to the static 
model at this farm size. An initial capital level of Rs. 23,000 was 
used, taking into account the relatively large farm area (5.79 ha),
compared to the low country counterpart^.99 ha), for which Rs. 16,000 
was used initially.
The objective value for the initial optimal plan was Rs. 433,070, 
with an average return per ha/year of Rs. 7,480.
iiIn actual practice too, farmers sometime postpone certain activities 
like fertilizer application and weeding when they cannot find the 
required finances. As such, this could well be accepted.
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Table 5-6: The Optimal Enterprise Mix for the Low Country Farms:
Upper Farm Size Formulation
Activity
Planning Year
1 2 3 4 5 6
Level of Activity(Ha)
7 8 9 10
Rice 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62
Coconut 1 .30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
Manioc - - - - - 0.24 0.24 0.24 - -
Vegetables 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Banana 0.24 0.24 0.24 0.24 - - - - 0.24 0.24
Manioc(i) - - - _ — 0.73 0.73 0.73 _
Banana(i) 0.73 0.73 0.73 0.73 - - - - 0.73 0.73
Pepper(i) 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57
Note: (i) denotes intercropping activities.
The total capital supply was not used up in the plan except in the 
years 1,5 and 9. In all ten years however, the vegetable growing 
activity in the homegarden was not implemented, while in years 1,5,6 
and 8 all the upland/chena was also not included in the optimal plan, 
despite sufficient capital being available in the sixth and the eighth 
year. As was discussed earlier, for the static model, this was brought 
about by the restraint imposed by family labour. Most of the
activities associated with non permanent cultivations in the upland- 
locally known as chena - are carried out exclusively using family 
labour. Since the available family labour has already been allocated to 
the more profitable intercrops and the perennial crop enterprises with 
long term commitments, it was more profitable for the model to leave 
these land uncultivated.
Not only the monocrop activities in certain years some of the 
coconut land too were assigned for intercrops due to the large 
commitments on the multiperiod crops already found in those farms.
This is in fact, the very reason why most farmers who do not 
intercrop their coconut land attribute it to the shortage of labour.
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Table 5-7: The Optimal Enterprise Mix for the Mid Country Farms:
Upper Farm Size Formulation
Activity
Planning Year
1 2 3 4 5 6
Level of Activity(Ha)
7 8 9 10
Rice 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92 1.92
Coconut 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62
Manioc - 0.49 0.49 0.49 - - 0.49 0.24 - -
Vegetables - - - - - - - - - -
Banana - - - - - - - - 0.48 0.48
Manioc(i) _ 0.01 _ - - 1.40 0.75 - - -
Banana(i) 1.39 1.39 1.39 1.39 - - - 0.75 0.75
Pepper(i) 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Note: (i) denotes intercropping activities.
The optimal enterprise mix for the mid country formulation is 
given in Table 5.7.
The capital utilization pattern and annual returns from the farm 
models for the holdings in the upper size class is given in Figure 5.2.
5.5 Post-Optimality Analysis:Dynamic Model
A complete interpretation of a farm plan developed through linear 
programming requires investigation of the stability of the plan and its 
sensitivity to changes in the level of the binding restraints. Since 
the farm models were defined for a range of farm sizes, examining the 
range in which the given solution is relevant is important to see
whether the given model is actually applicable for the intended range 
of farm sizes. Information on the following often provide useful
insight into the planning situation.
- The effect of changing the level of key resources-such as
capital on the optimum mix of enterprises and the value of
the program.
Ij CL LU LU CO 
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Figure 5-2: Capital utilization Pattern and Returns from the Farm 




- Sensitivity of the plan to the changes in the price levels 
or/and output levels.
- The opportunity cost of activities which did not enter the 
plan, or, in general terms, the cost which should be foregone 
if an activity not presently included in the model was forced 
into the plan.
- The range of resource levels to which the present solution is 
applicable.
Useful information on item one and two can be obtained by 
parametising the relevant resource constraints and the objective 
function coefficients respectively. While examination of the range 
report provide valuable information regarding item four, careful 
analysis of the shadow price information in the conventional output 
report and the range reports provide information on item three.
As previously mentioned, all these were attempted in the present 
analysis. A brief account on these for the static model has already 
been given. For the dynamic model, the vast volume of information 
available from these parametric runs render it impossible to discuss 
the results for all the activities and resources considered in the 
model in the time available for this study. Likewise it is also 
impossible to examine all the four model formulations in this regard. 
Rather, the analysis will be restricted mainly to the low country model 
in its two formulations for the two farm sizes considered. However, a 
brief account on the range of applicable farm sizes will be given to 
all the model formulations, and the important differences in the two 
zonal formulations will be mentioned.
The effect of changing the capital restraint on the optimum 
activity mix and the value of the program is examined first.
5»5»1 Sensitivity of the Low Country Models for Changes in the Capital 
Availability
The initial level of capital, Rs. 5,000 was changed in Rs. 500 
increments by a parametric change row. Reduction in the capital level 
below Rs. 5,000 caused the solution to change radically due to the 
minimum capital required for the optimal plan in the nineth year being 
Rs. 4,998. The alternate capital level below Rs. 5,000 left most farm 
land unutilized, and hence ignored in the analysis.
The total capital supply was used in the plan in years one, three
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and five. Thus increasing the capital level had a direct effect on 
these years activity mix and the activities in the other years were 
also changed as an indirect effect through linkages provided by the 
flexibility constraints.
For example, when the capital level was increased to Rs. 5,500 the 
level of the pepper intercrop activity in year one, was dropped from 
0.17 ha in the previous solution to none. This change was carried over 
to the second year through tenth year by the flexibility constraints. 
In the upland the vegetable and manioc were eventually replaced by 
banana as the capital level was increased. At this level of capital the 
supply was limiting in years 1, 5 and 9* Further increase in capital to 
a limit of Rs. 6,000 led to further replacement of pepper with banana, 
however, with only marginal changes in the value of the program. No 
appreciable change in the monocrops were noted. Even at this level 
capital was limiting in years one five and nine. Further changes in 
the capital supply replaced all the pepper area with banana and capital 
was limiting only in the fifth year. Subsequent increase in capital 
however, brought about only minor changes in the activity mix and the 
objective function.
The changes in the activity mix and the value of the program for 
changes in the capital level discussed above is summarised by the data 
in Table 5*8. Those activities the level of which were stable over the 
range of capital considered are not included in the table.
The analysis showed that if the capital level in the fifth year 
could be raised to Rs. 7,000 all the area in chena/upland would be 
assigned to banana. Thus it would lead to over production of banana 
since banana is also cultivated as an intercrop under coconuts. This is 
not practically viable due to possible marketing problems. It is also 
seemingly incompatible with the general farmer parctices, as seen in 
the survey analysis that the farmers prefer to have a mixture of crops 
rather than a few.
It is however, unlikely that the farmers in this farm size range 
would be able to allocate the upper levels of capital and they could if 
at all, be expected to operate around the lower levels of capital 
considered in the analysis. Since the model brought in to the optimal 
plan a reasonably diverse mix of enterprises at the lower levels of
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Table 5-8: Effect of Changing the Capital Restraint on the Activity-






1 2 - 4  5 6 - 8  9 - 1 0
(Es.) (Es.) (Ha)
5000 86425 Manioc - - .27 .27 -
Banana .27 .27 - - .27
Banana(i) .16 .16 .15 .13 . 16
Pepper(i) .17 .17 .17 .17 .17
Manioc(i) - - - .03 -
5500 87958 Manioc - - .27 .27 -
Banana .27 .27 - - .27
Banana(i) .53 • 55 .50 .30 .33
Manioc(i) - - - .03 .03
6000 89078 Manioc - - .19 .19 -
Banana .27 .27 .08 .08 .27
Banana(i) .55 .35 .53 .33 .33
6500 90218 Manioc - - .08 .08 -
Banana .27 .27 .19 .19 .27
7000 91002 Banana .27 .27 .27 .27 .27
Note: (i) denotes intercropping activities.
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capital, such as Rs. 5000, farmers would probably prefer to operate at 
that level even if there is room for them to increase their returns by 
changing the crop mix.
Since there is ample labour time available after satisfying their 
own requirements, they could supplement their farm income, as they 
usually do, by hiring out their labour.
The effect of changing the capital restraint on the larger sized 
farms will be discussed next.
5.5.2 Sensitivity of the Optimal Plans and the Value of the Program to 
Changes in the Capital Availability: Upper Farm Holding Size
The initial capital level considered was Rs. 16,000. For the 
parametric run a range of Rs. 16,000 to 24,000 was considered. The 
incremental rate was Rs. 1,600. The value of the program increased from 
the initial Rs. 316,823 to Rs. 335,654 as the capital level reached Rs. 
24,000. Increasing capital beyond this level did not affect the 
activity mix or the value of the program.
At lower levels of capital (below Rs. 20,000) some of the farm 
areas and intercropable land were not brought into the plan. It 
appeared that this was caused largely by the substantial commitments of 
labour and capital on the plantation crops and rice, which were forced 
into the plan at the upper levels of the available land.
The changes in the activity mix and the objective function 
associated with changes in capital supply is summarised in Table 5.9.
5.5.3 Shadow Price of Labour
Information on shadow prices for all the resources were available 
from the computer output. However only that of labour is discussed 
here. Shadow price or Marginal Productivity(MP) of resources in LP 
models refers to the extra returns available from an additional unit of 
input or the limiting resource. For this reason when a resource is not 
limiting in the plan, that resource is assigned a zero value for its 
shadow price. This in principle, is similar to the valuation of 
resources in a competitive economy.
The levels of labour in the models having been estimated from the 
survey data, they can be considerd to reasonably reflect actual farmer 
conditions. The levels of land were also obtained from the survey data.
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Table 5-9: Effect of Changing the Capital Restraint on the Activity
Mix and the Value: of the Program:Upper Farm Size
Capital
Level
. Value of 
Program
Activity Year
1 2 - 4 5 6 - 8 9 - 1 0
(Rs.) (Rs.) (Ha)
16000 316823 Manioc - - - .24 -
Banana .24 .24 - - -
BananaCi) .73 .73 - - -
Pepper(i) .57 .57 .57 .57 .57
Manioc(i) - - - .73 -
17600 322035 Banana .24 .24 .24 .24 .24
Banana(i) 1.30 1.30 .36 .36 1.30
Manioc(i) - - - .94 -
19200 325686 BananaCi) 1.30 1.30 .66 . 66 1.30
Manioc(i) - - - .64 -
20800 329337 Banana(i) 1.30 1.30 .97 .97 1.30
ManiocCi) - - - .33 -
22400 332987 BananaCi) 1.30 1.30 1 .24 1.24 1.30
Manioc(i) - - - .06 -
24000 335654 BananaCi) 1.30 1.30 1.30 1.30 1.30
Note: (i) denotes intercropping activities.
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However, the shadow prices assigned to land types differed 
significantly in different years of the model and the large volume 
involved made it difficult to consider them in the discussion.
Farm labour use in most cases were below the actual availability 
and hence the shadow prices were zero. However, in the mid country 
formulations for the larger farm size class, some wage labour was also 
utilized in the plan. In such circumstances, the shadow prices 
assigned to family labour was the exogenously defined wage rates for 
hired labour. This was due to the fact that the model was formulated in 
such a way that except for cinnamon peeling, wage labour is brought in 
to the plan when and only when, the available family labour is 
exhausted in the model.
Since shadow price being the Marginal Value Product(MVP) of that 
resource, if an activity which consumes that resource does not produce 
sufficient returns to offset the unit price of the resource in 
question, that activity will not be implemented. In notational form, if 
the activity A to be entered into the plan, MVP„ \ Pv , where P is the 
unit price of the resource X.
This explains why, even when idle capital was available, the 
homegarden activities and some activities of chena/upland were not 
brought into the plan in the larger sized farms of the mid country. The 
MVP of the vegetable production activity in homegarden being not large 
enough to pay for the wage cost, the model left that land unused.
5.5.4 The Range Analysis
Most of the activities considered in the model in general, were 
applicable over a reasonable range which covered the actual farm size 
ranges considered in the study. It was also apparent that whenever the 
resource restraints were relaxed, the applicable range generally 
increased. This made the ranges for labour utilization in the lower 
farm size formulation to be stable over a broader range than those of 
the larger farm size formulations. Likewise, when the capital 
restraint was relaxed by parametising the capital row, the applicable 
ranges generally increased.
The individual ranges for all the activities cannot be discussed 
due to the large numbers involved, and Table 5.10 provides a useful 
guideline to the applicable farm size range of the initial optimal
r* _ ^ i- u  ~ --- .4 ~ « ^  4- ,, J  4 ---J
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Low Country Lower Size(1.36) 0.95 - 1.88
Upper Size(4.99) 4.04 - 6.60
Mid Country Lower Size(1.21) 1.12 - 1.47
Upper Size(5.79) 5.12 - 7.03
5.5.5 The Opportunity Costs of Sub-optimal Enterprises
The output report for FMPS generate information on the Marginal 
Opportunity Costs(MOC) of including enterprises which are not currently 
included in the optimal plan. These suboptimal enterprises may enter 
the plan under different resource restraints and therefore, it is 
important to examine their MOC’s at different resource restarint
levels. Since the MVP of the restricted resources vary as its level is
changed in the model, examining the MOC of the suboptimal enterprises 
along with the MVP of the limiting resources provide more useful
information. The MOC for the major intercropping activities evaluated
in the static model are given in Table 5.11, while those for the 
dynamic model are given in Table 5.12.
The MOC’s of the activities that are currently included in the 
optimal solution (having no extra cost for addition of those activities 
into the plan) were assigned a zero value. Most of the sole crops 
having been forced into the plan, and the rest have often been included 
in the plan due to the limited number of alternative enterprises 
defined in the model, the sole crops generally had a zero MOC. 
Therefore, only the intercropping activities are included in Tables 
5.11 and 5.12.
The MOC of enterprises differed in the static and the dynamic 
models for the same enterprises, even in a given formulation. This was 
due to capital, the most limiting resource in all models, being binding
109
at different magnitudes in different years of the dynamic model. This 
was reflected by the different MVP reported for capital in different 
years of the model.
Table 5-11 : Marginal Opportunity Costs of Activities
in the Static Model
Activity
Topographical Zone
Low Country Mid Country
Farm Size(Ha) Farm Size(ha)
Lower Upper Lower Upper
Coffee 5929 6065 6065 107
Cinnamon 15570 15745 15744 4204
Manioc 12571 12697 12697 10956
Banana 11566 10868 10868 11056
Pepper - - - -
MVPk 1 .86 1.67 1.67 2.21
Due to the large number of data points involved, only the low 
country upper farm size formulation is considered for this discussion
on the dynamic model.
It is clear from Tables 5.11 and 5.12 that the MOC of the
sub-optimal enterprises are closely related to the MVP^ in that period. 
The MOC of coffee has been the lowest in all static formulations but 
never entered into the plan, even when the capital resources were
tightened. This was due to capital becoming so limiting at the levels 
that could bring coffee into the plan, and as making the plan
non-fasible.
In the dynamic model, the coffee activity had a very high MOC 
which never even came close to a level that could bring the coffee
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Table 5-12:
Marginal opportunity Costs of Sub-Optimal Enterprises 
for the Dynamic Model:Low Country Upper Farm Size
Planning Year
1 5 9 10
Coffee 19,119 * * -
Cinnamon 25,491 2,389 1 ,239 -
Manioc 19,130 945 701 -
Banana - 2,343 - -
Pepper - - - -
MVPk 2.73 1 .20 -
Note: * refers to the years when the MOC of the respective activity 
was zero and the activity was in the basis but did not enter 
the plan.
indicates zero MOC in years when the activity was in the 
optimal plan.
This was due to the relatively long gestation5activity to the plan, 
period of coffee and the the use of 12% discount rate in the study. 
Further, the flexibility restraints do not allow the multiperiod 
activities to enter the plan other than in the year of establishment.
5*6 Summary
The results of the analysis showed that in general, for the farms 
in the lower size ranges the limiting factor for development of 
cropping systems was the available capital, while they have excess 
labour which could be hired out, if a demand prevails. On the other 
hand, it appeared that for the large size farms what is most limiting 
was labour, and they in fact could afford to hire some labour.
The general conclusion to the study will be given in the next 
chapter, along with an overall summary and directions for further 
research.
^However, in certain years when capital was not limiting and no 
multiperiod crops were established, the coffee activity was in the 
basis, but never entered the plan due to the very high MOC in the year 





Importance of the smallholder sector in Sri Lanka’s agriculture 
and its potential role in the country’s development is increasingly 
being recognised. Chapter 3 discussed the potential of the Farming 
Systems Research (FSR) approach to identify and try to solve the 
problems associated with the smallholder sector. Weaknesses of the 
traditional disciplinary or crop specific approach to agricultural 
research were discussed and the relevance of the interdisciplinary and 
whole farm approach to small farm development were highlighted.
Also discussed were the structural basis of the small farms and 
their implications for cropping system development. The place of 
coconut in the smallholder farming systems was established and the 
present crop practices of those smallholder multiple enterprise farms 
were examined.
Economic analyses of the alternate cropping patterns for the two 
topographical zones in the Matara district over different farm holding 
sizes were undertaken and the potential usefulness of the different 
intercrops were studied.
In this final Chapter some limitations of the existing farm 
structure for development of cropping patterns in coconut associations 
will be discussed. The role of intercropping subsidies and coconut
development subsidies will be examined in the light of the utilization 
pattern of capital in the linear programming models presented in the 
previous chapter.
Some useful proposals for the improvement of the multiple 
enterprise farming systems and about further research needs will be 
given and the chapter ends with some general conclusions.
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6.1 Limitations of the existing farm structures on the development of 
intercropping systems under coconut
The principal limitation for the development of small farms in 
general, and expansion of intercropping activities in coconut 
associations in particular, appear to be the availability of land and 
capital for the farms in the lower end of the size distribution. 
Whereas, for the farms in the upper end of the size distribution, farm 
labour appears to be a major constraint. For the farms in the 
intermediate group too capital is a binding constraint. In general, 
these limitations are associated with the physical structure of the 
farms, the present crop practices and the seasonal cropping calendar.
It was seen that most of the very small farms are either single 
component or two component type(Table 3.8), and their farm area cannot 
be expanded due to the pressures of population. Furthermore, it was 
revealed from the survey that for a large proportion of farms in the 
lower size range(below 0.5 ha), non-farm income was the main source of 
income. The LP analysis indicated that on these smaller farms the farm 
output is relatively small and perhaps not sufficient to feed the farm 
family year round.
One possible option, which needs investigation is the expansion of 
livestock activities on these farms, which could be operated by the 
housewives. In fact, a pilot project to popularize small dairy units in 
the district launched by the Women’0 ureau of the Ministry of 
Planning, appear to be very successful. The major constraint appears 
to be the limited feed available during the dry season. Since studies 
indicate that the rice straw in the area is grossly underutilized, and 
cheap and non-sophisticated methods of improving this low quality 
roughage are now available!Ibrahim et. al. 1983), expansion of 
livestock activities could be effectively undertaken using straw as a 
dry season feed supplement. Unfortunately livestock production data 
were not available for this study.
As seen in Appendix B and the seasonal cropping calendar discussed 
in Chapter 3, the labour demand in certain periods of the year is 
relatively higher than in other periods when labour is underutilized. 
This is mainly due to the seasonal variation in rainfall and the 
associated crop practices. It was also seen that the basic composition
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of the crop mix in most farm sizes were similar and had no apparent
relationship with the farm resource endowments, such as, available
family labour and land.
Since labour appears to be a constraint for expansion of
intercropping and similar farm development work, in selection of crops 
and enterprises, explicit consideration should be given to the farm
resource base(Jodha, 1976). For example, small scale rubber
cultivation would be hardly profitable for farm families who cannot tap 
their rubber trees, due to the relative unavailability of skilled 
labour for this task and the associated high labour costs. In such
circumstances, it would be more profitable to plant coconut in those 
lands, which could be easily managed by the farm family since no 
particular skills are required. Further, it provides land for
intercropping1, which enhances the potential farm income from coconut 
land. However, capital appears to be a constraint for implementing
such options.
The same logic applies for the farms in the upper end of the size 
distribution, but their most binding constraint is labour. Thus the 
selection of crops and enterprises on these farms should be after
careful consideration of the available farm labour during peak seasons,
2both in short run and long run . Thus reorganization of upland crop 
enterprises to suit the resource endowments, particularly farm labour, 
appear to be a necessity. Since these cannot be implemented through 
direct state intervention, extension services and other farmer 
assistance services should be used to bring the necessary adjustments 
indirectly over time.
1 Even rubber land could be intercropped, but only during the early 
growth phase due to the limitations in light penetration during the 
later stages of tree growth, unless avenue planting of rubber is 
adopted.
^It was observed that in certain periods of the year, tea plucking in 
the tea lands in the mid country cannot be carried out in time due to 
the unavailability of labour. This is very important since, 
postponement of harvesting tea buds affects both production and the 
quality of tea quite significantly.
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6.2 Case for Subsidies
It was revealed from the linear programming analyses that, for 
establishment of intercrops and for the maintenance of the crops during 
the immature phase, large proportions of farm income need to be 
diverted for managing the intercrops. This was specially true for the 
planning years 1, 5 and 9 in the dynamic model, over all the model 
formulations . In these years capital was binding in the models and
thus certain activities in the upland/chena needed to be suppressed. 
Though, in practical situations certain farmers do behave so, it is not 
always possible for one to convince a farmer to postpone certain 
activities so that he could implement his intercropping programme.
Due to these reasons, the currently available state subsidies for 
both intercropping and coconut development are highly justifiable. 
However, justification for continuation of the subsidies and possible 
increase in the subsidy rate could only be considered once the social 
costs and returns of the project are evaluated. In principle, it would 
only be justifiable to continue with the subsidies, if the social 
returns from the intercropping activities, such as increased employment 
opportunities and farm output would be sufficient to cover the costs of 
maintaining and administering the subsidy scheme. Since relevant 
information are not available from the present study, no policy 
guidelines could be drawn in this regard. However, it suggests the 
desirability of collecting relevant farm level data for such decisions.
If supporting services and information systems become available, 
the LP analysis suggest that coconut land will be intercropped and 
farmers could be expected to increase their incomes.
6.3 Areas for Further Research
The limitations of the present research were discussed in Chapter 
3. Topics for further investigation have also been mentioned at 
various points in the study. These are worth summarising here.
- The analysis of the LP models revealed that the optimal 
solution for the two farm size formulations in the two zones 
were basically the same. This was mainly due to the limited
’See Figures 5.1 and 5.2.
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number o f  a l t e r n a t i v e  a c t i v i t i e s  e v a l u a t e d  i n  t h e  m odels .  
S in c e  t h e  u s e f u l n e s s  o f  t h e  LP t e c h n i q u e  f o r  t h e  a n a l y s i s  has  
been  e s t a b l i s h e d  by th e  p r e s e n t  s t u d y ,  f u r t h e r  a n a l y s e s  w i th  
a w id e r  r a n g e  o f  c r o p s  and e n t e r p r i s e s ,  u s i n g  farm l e v e l  d a t a  
need t o  be u n d e r t a k e n  to  e f f e c t i v e l y  f o r m u l a t e  p o l i c y  
g u i d e l i n e s  and recommenda t ions  f o r  f a r m e r s ,  to  s u i t  t h e i r  
r e s o u r c e  endowments .
-  Though i t  was i n i t i a l l y  i n t e n d e d  to  a g g r e g r a t e  t h e  LP models  
o v e r  t h e  e n t i r e  d i s t r i c t ,  i t  was n o t  p o s s i b l e  w i t h i n  the  
l i m i t e d  t im e  and w i t h  t h e  a v a i l a b l e  d a t a .  S in c e  i t  w i l l  
p r o v i d e  i n f o r m a t i o n  on t h e  o v e r a l l  im p a c t  o f  t h e  changed farm 
p r a c t i c e s  s u g g e s t e d  by t h e  models  on employment  and income 
g e n e r a t i o n  o v e r  t h e  p r o j e c t  a r e a ,  and v a r i o u s  p o l i c y  o p t i o n s  
c o u ld  be e v a l u a t e d  u s i n g  p a r a m e t r i c  r o u t i n e s ,  t h i s  i s  an 
i m p o r t a n t  a r e a  f o r  f u r t h e r  s t u d y .
-  L i v e s t o c k  a c t i v i t i e s  were n o t  i n c l u d e d  i n  t h e  s t u d y  due to  
t h e  l i m i t a t i o n s  i n  t h e  d a t a  s e t .  S in c e  l i v e s t o c k  i s  an 
i n t e g r a l  e l e m e n t  i n  t h e  t r a d i t i o n a l  f a r m in g  sy s te m s  and i t s  
p o t e n t i a l  i m p o r t a n c e  i n  t h e  d eve lopm en t  o f  s m a l l  f a r m s ( H e r a th  
e t . a l . ,  1980) p r o p e r  economic i n v e s t i g a t i o n s  on a l t e r n a t e  
methods  o f  a n im a l  p r o d u c t i o n  i n  c o c o n u t  a s s o c i a t i o n s  need to  
be u n d e r t a k e n .
-  I n t e r d i s c i p l i n a r y  s t u d i e s  to  promote  t h e  deve lopmen t  o f  
i n t e r c r o p p i n g  s y s te m s  need  t o  be p o p u l a r i z e d  among r e s e a r c h  
s c i e n t i s t s  and p o l i c y  m ake r s ,  so t h a t  e x t e n s i o n  p e r s o n n e l  
co u ld  be s u p p l i e d  w i th  more u s e f u l  i n f o r m a t i o n  f o r  the  
complex m u l t i - c r o p ,  m u l t i - e n t e r p r i s e ,  i n t e r c r o p p i n g  sys te m s  
o p e r a t e d  by t h e s e  s m a l l h o l d e r  f a r m e r s .
6 .4  G e n e r a l  C o n c l u s i o n s
Expans io n  o f  i n t e r c r o p p i n g  a c t i v i t i e s  on s m a l l  fa rms  a p p e a r  t o  be 
h i g h l y  c o m p a t ib l e  t o  t h e  p r e s e n t  m u l t i p l e  e n t e r p r i s e  f a rm in g  sy s te m s  
th e y  f o l l o w .  N o t w i t h s t a n d i n g  t h e  d i r e c t  b e n e f i t s  o f  i n c r e a s e d  farm 
income and employment  o p p o r t u n i t i e s  f rom t h e  i n t e r c r o p p i n g  a c t i v i t i e s ,  
t h e  a s s u r e d  improvements  i n  income w i l l  e n a b l e  t h e  f a r m e r  to  a f f o r d  
some s a v i n g s  f o r  f u r t h e r  improvements  on t h e  farm.  F u r th e r m o r e ,  
i n c r e a s e d  a t t e n t i o n  t o  t h e  coc o n u t  l a n d ,  d i r e c t e d  tow ards  t h e  
i n t e r c r o p s ,  w i l l  a l s o  improve t h e  c oc onu t  p r o d u c t i o n ,  add in g  to  o v e r a l l  
farm p r o d u c t i v i t y  and n a t i o n a l  income.
The programming t e c h n i q u e  used i n  t h e  s t u d y  to  model a l t e r n a t e  
f a rm ing  sy s te m s  a p p e a r  t o  be b o th  e f f e c t i v e  and s u i t a b l e .  However,  due 
to  t h e  s o p h i s t i c a t e d  n a t u r e  o f  t h e  t e c h n i q u e  and i t s  r e q u i r e m e n t  o f  t h e  
use  o f  compute rs  f o r  e f f i c i e n t  m a n i p u l a t i o n ,  i t s  u se  w i l l  be m a in ly
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limited to higher level planning^". Once the basic models are 
identified using LP for given resource limitations, more simple models 
could be constructed and evaluated using microcomputers, or powerful 
calculators. Microcomputer routines capable of handling a reasonably 
large matrix are becoming available for such uses. For example, "LP88" 
is a package reported to be capable of handling up to 225 constraints 
and sufficient variables to handle the current exercise.
Alternatively, the results of the static models could be 
supplemented with specialized multi-period budgeting packages such as 
"MULBUD" (Etherington and Matthews, 1984) or general spreadsheets such 
as "Supercalc", "Multiplan", or "Lotus 1.2.5"»
The results of the present analyses indicated that the major 
obstacle for farming system improvement in the smaller farms is the 
available capital or cash expenses, while those at the upper end of the 
size distribution suffer from a lack of sufficient farm labour. The 
medium sized farms, though they appear to suffer from limitations of 
capital, are better off than their smaller counterparts.
Since capital appears to be a general limitation for development 
of multiple enterprise farming systems in coconut associations, further 
investigations to establish the degree of limitation among different 
farm size groups and to examine possible ways of remedying the problem 
are necessary.
The relevant policy decisions should be aided by problem oriented 
interdisciplinary research conducted with a Farming Systems 
perspective. This requires the interactive efforts of agronomists, 
social scientists, extension personnel, and policy makers working
Note on the Multiperiod Programming Model
The low country formulation of the dynamic version of the present LP 
model consisted of 275 rows and 191 columns. The initial optimal 
solution was obtained after 150 iterations. Total run time exceeded 25 
minutes during non-peak hours and extended upto 35 minutes during peak 
hours. Average output consisted of 240-250 pages, excluding output 
required to check the initial input data.
This provides some indication to the cost of evaluating a multiperiod 
LP model excluding the efforts to prepare the matrix and to input data 
to the computer and interpretation of output and report writing. 
However, computer packages which are reported to be capable of handling 
most of these at a reasonable cost, and that could be used for farm 
level analyses are also available(McCarl and Nuthall, 1983).
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